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1.1. Clinical aspects. 
Temporomandibular joint dysfunction is a rather common disorder. Vari-
ous terms have been used to describe it. The most common actual one 
is "Internal derangement". The main symptoms are pain in and around 
the joint, restricted mandibular motion and various audible sounds. 
The disease affects all ages with a predilection for females, the 
ratio being approximately 4:1. 
Numerous causes have been recognized as aetiologic factors leading 
freguently to a displacement or damage of the interarticular disc. 
Surgeons were already confronted with the problem at the beginning of 
the 20th century and, since then, have used several conservative and 
surgical methods in order to solve it. 
One of the surgical methods used was meniscectomy or discectomy, that 
is the removal of the interarticular disc. Merrill (1986), in a his-
torical review of the literature about surgery of the temporomandi-
bular joint, writes: "Excision of the disk without the use of implants 
was the most commonly reported procedure from 1900 to 1960 for surgi-
cal treatment of the painful TMJ ". 
The first surgeon who described the removal of the disc was Lanz in 
1909. He performed meniscectomies in two female patients because of a 
"clicking" (first patient) and a "clicking" and tenderness (second pa-
tient). From then on several authors (Pringle 1918; Ashhurst 1921; 
Lotsch 192B; Boman 1947, 1950; Wakeley 1948; Dingman and Moorman 1951; 
Kiehn 1952; Gerry and Rowan 1954; Rongetti 1954; Silver et al 1956; 
Reichenbach and Grimm 1960; Silver and Simon 1963; Mayer 1964; 
Carlsson et al 1967; Dingman and Constant 1969; Agerberg and Lundberg 
1971; Middleton 1972; Brown 1900; Carlsson et al 1981; Eriksson 1985; 
Westesson and Eriksson 1985 and others) have used the same method in 
order to alleviate symptoms in patients with an internal derangement 
of the temporomandibular joint. 
Most authors considered the relief of pain to be a positive effect of 
the method. Others, however, (Henny and -Baldridge 1957; Poswillo 1979) 
believe that the temporary relief can be attributed more to the cut-
ting of sensory nerves supplying the joint capsule than to the removal 
of the disc. 
Most of the above-mentioned authors reported crepitus, limited mouth 
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opening and deviation of the mandible towards the operated side as 
postoperative sequelae. Ankylosis of the joint was reported to develop 
in some cases (Dingman and Moorman 1951). 
Annandale (1ΘΘ7) was the first surgeon who reported the surgical re­
pair of a torn meniscus of the temporomandibular joint. Since then a 
considerable number of surgeons (Ireland 1951; Wassmund 1951; Henny 
1954, 1955; Gordon 1955, 1958; Ward 1961; Georgiade 1962; Hansen and 
Deshazo 1969; Davis and Jones 1971; Narang and Dixon 1975; Chausse 
1979; McCarthy and Farrar 1979; Poswillo 1979; Rudelt 1981; Bronstein 
1982; Dautrey and Pepersack 1982; Witsenburg and Freihofer 1984 and 
others) realising the disadvantages and long term risks of the proce­
dure, advised against it in nummerous reports and some of them tried 
to solve the problem either by replacing the damaged disc with autoge-
neic* or allogeneic materials (Gordon 1958; Georgiade 1962; Hansen 
and Deshazo 1969; Narang and Dixon' 1975; Witsenburg and Freihofer 
1984) or by resuturing the displaced disc (McCarthy and Farrar 1979; 
Bronstein 1982). 
Some of the well-known authors criticize meniscectomy with terms such 
as: "... an illogical operation" (Dautrey and Pepersack 19Θ2) or: 
"..• an operation which should only have historical value " 
(Poswillo 1979). 
A more detailed review of the clinical literature is given in Chapter 
10, but one can already see that meniscectomy has proved to be a very 
debatable method. 
1.2. Experiaental aspects. 
The experimental work which has been done in this field is limited. 
Some investigators, in order to determine the response of the joint to 
the loss of the articular disc, performed meniscectomies in dogs 
(Steinhardt 1934), rabbits (Sprinz 1954, 1961), mice (Lekkas 1973) and 
monkeys (Wheat et al 1977; Yaillen et al 1979). Degenerative 
*The immunological terminology used throughout the study is the one 
proposed by Lindenmann (1971): autogeneic (formerly autologous), allo­
geneic (formerly homologous) and xenogeneic (formerly heterologous). 
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changes and condylar hyperplasia were observed as a result of the op-
eration. They will be presented in detail in Chapters 5 and 6. 
In none of these studies could a regeneration of the articular disc be 
seen, a phenomenon which authors experimenting with other joints such 
as the knee joint (Gibson 1931; King 1936; Walmsley and Bruce 1937; 
Lufti 1975) have observed. 
Very few authors tried to investigate the influence of implants on the 
joint surfaces after removal of the articular disc (Habbi et al 1970; 
Timmis et al 1986). They used alloplastic materials and their results 
were not very satisfying. 
No one, to our knowledge, has ever used autogeneic or allogeneic 
transplants for the above-mentioned purpose. 
1.3. Aim of this study. 
As we agree with the group of surgeons who consider meniscectomy a de-
trimental method, we have been replacing the articular disc with fresh 
autogeneic auricular elastic cartilage in patients with internal de-
rangement of the temporomandibular joint. The clinical results are 
quite encouraging and will be presented in Chapter 10. As we had no 
answers, though, to questions such as: 
- 1. Is there a connection between the clinical postmeniscectomy se-
quelae and the surgical procedure? 
- 2. Do clinical results correlate with the microscopic appearance of 
the joint? 
- 3. Do the transplants prevent degenerative changes of the articular 
surfaces?, 
we undertook the present study, which consists of two parts. 
The first part is experimental and guinea pigs were used herefore. A 
number of surgical procedures were performed. More specifically, the 
articular disc was removed or removed and replaced with various forms 
of cartilage transplants. 
This part aims at answering the following questions: 
- 1. Is the articular disc able to regenerate in a different experi-
mental animal than the ones used before? 
- 2. What is the effect of the removal of the disc on the mandibular 
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condyle and the fossa? 
- 3. What is the fate of various autogeneic and allogeneic cartilage 
transplants? 
- 4. What is the effect of various transplants on the condyle and the 
fossa and especially on their articular surfaces? 
- 5. Is there a correlation between the postoperative clinical find­
ings and the histological picture of the animals' joints? 
- 6 . Is a comparison of the histological appearance of the joints af­
ter meniscectomy and after replacement of the disc to the favour 
of the latter? 
The second part of the study is clinical. The patients who underwent 
replacement of the articular disc of one or both temporomandibular 
joints at our Department between 19Θ0 en 19B5 were reevaluated. 
This part aims at: 
- 1. Assessing the clinical results of the above-mentioned operative 
method. 
- 2. Comparing these results with those achieved by meniscectomy or 
the use of alloplastic materials reported by several authors in 
the international literature. 
Finally, summing up the information gained from the literature and 
from our own investigation, we try to form some conclusions which 
could offer more help to the patients suffering from internal derange­
ment of the temporomandibular joint. 
CHAPTER ? 
Set-up of the experimental part 
2.1. Material and methods 
2.2. Discussion 

2.1. Material and methods. 
Young adult female albino guinea pigs, 60 in total, were used for this 
study. The animals were ca. 9 months old. One animal was 2 months old 
and another was 3 years old. 
They were divided into six groups. The first group consisted of 10 
animals. Six of them were used as a control and the other four, the 
2-month old, two 9-months old and the 3-year old, were used for the 
study of the aging changes occurring in the joint. 
The second group consisted of 6 animals. They were used for the sham 
operation. An arthrotomy of the the right joint was performed in each 
one of them, in order to study the effect of it on their craniomandi-
bular joints. 
The third group comprised 7 animals. The articular disc of the right 
joint of each animal was removed. We used this group in order to study 
the effect of meniscectomy on the articular surfaces of the condyle 
and the fossa. 
The fourth group comprised 15 animals. The articular disc of the right 
joint of 6 of them was removed and replaced with autogeneic cartilage 
harvested from the animals' xiphoid process. The disc of seven other 
animals was removed and replaced with autogeneic auricular cartilage 
harvested from the animals' right ear (helix). The aim of this part 
was to study the effect of the transplants on the articular components 
of the joint. The remaining two animals underwent removal of the disc 
and replacement with autogeneic auricular cartilage and were used for 
autoradiography in order to study the viability of the transplant. 
The fifth group, comprising 6 animals, underwent replacement of the 
articular disc with allogeneic lyophilised auricular cartilage. 
The sixth group, comprising 6 animals, underwent replacement of the 
articular disc with allogeneic cartilage preserved in Cialit" 
(2-Aethylmercurimercapto-Bezoxazol-5 carbon acid Sodium in Aqua 
bidest.; Asid Institut GmbH, München, West Germany). The two last 
groups were used for the study of the effect of allogeneic transplants 
on the condyle and fossa. 
A seventh group, consisting of 10 animals, was used for the harvesting 
of the various transplants. 
All animals were operated on under general anaesthesia. NarcovetR 
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ί Sodium Pentobarbital 0.7ml/kg intraperitoneally, the solution con­
taining 60nig/ml ; Apharmo, Arnhem, The Netherlands) and Atropine 
(0.1ml/kg subcutaneously, the solution containing 0.5mg/ml; Bournon-
ville-Pharma, Almere, The Netherlands) were used herefore. Furthermore 
the donor site and the operating field were infiltrated with 0.2-0.Лес 
Ultracaïne D-S forte" (Hoechst AG, Frankfurt a.Main, West Germany) 
in order to achieve efficient local analgesia, which was necessary be-
cause of the light level of the general anaesthesia. Aseptic con-
ditions were always used. 
Postoperative pain was controlled by administration of FortralR 
(pentasocine 0.5mg/kg intramuscularly every 6 hours for two days; 
Sterling Winthrop BV, Haarlem, The Netherlands). They also received in 
their drinking water Sulfamycitin 16й solution (1?ml. per liter drink­
ing water once a day) for 5 days in order to prevent infection. Con­
sidering the fact that a guinea pig consumes ca. 150 ml. drinking 
water per day the total daily Sulfamycitin solution assimilation was 
ca.1.8 ml. 
They were closely followed during the first postoperative week. There­
after their weight, length of upper and lower incisors, mouthopening 
and deviation of the mandible were registered weekly and mutually com­
pared to the preoperative values. The results of each group were sta­
tistically analysed and compared to those of the other groups. The 
description of the response curves within the various groups was done 
by means of the student t-test applied on the logarithm of the rela­
tive weight and relative mouthopening for each observation time. The 
comparison of the response curves between two groups was done by means 
of the test of Koziol et al (1981). 
Three weeks after the observation period or the surgical procedure, 
two animals of each group were sacrificed by an overdose of Narco-
vet" (Apharmo, Arnhem, The Netherlands) being injected intracardial-
ly. The vascular system of the animals was perfused with physiologic 
saline (NaCL 0.9%), followed by 4Й formaldehyde solution as a fixa­
tive. The heads were removed, bissected (in sagittal direction) and 
immersed in b% formaldehyde solution for two weeks. Then both cranio-
mandibular joints with the surrounding structures were dissected and 
decalcified in 20% formic acid and 5% sodium citrate. Following decal­
cification, the tissue blocks were dehydrated in increasing concentra-
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tions of aethanol, treated with celloidin, chloroform and toluol and 
embedded in Paraplast" (Sherwood Medical, St. Louis, U.S.A.). Sagit-
tal serial sections of Turn were cut on a base sledge microtome and 
stained with Hematoxylin and Eosin, Alcian blue - PAS or according to 
Tänzer-Unna (Lillie, 1965). 
Six weeks after the observation period or the surgical procedure, two 
more animals of each group were sacrificed and serial sections were 
prepared in the same way. 
One or two animals, depending on the group, were sacrificed 12 weeks 
postoperatively and one animal was sacrificed 24 weeks postoperative-
iy. 
Two animals from the fourth group were used for autoradiographic 
studies. '5s
 w a s injected intraperitoneally 4 and 12 weeks respec-
tively after operation. Twenty hours later the animals were sacrificed 
in the usual way, sagittal serial sections were cut and prepared for 
autoradiography. 
2.2. Discussion. 
Several animals (dogs, rabbits, rats and monkeys) have been used by 
the authors who investigated the effect of meniscectomy on the cranio-
mandibular joint components. When we commenced our study, we decided 
to use a different experimental animal than the above mentioned so 
that our conclusions, especially the ones referring to the removal of 
the disc, could more easily be applied to humans. 
The guinea pig was chosen as the experimental animal because of the 
advantages which this animal possesses: 
- 1. A large amount of baseline anatomical and physiological data has 
been published. 
- 2. It is inexpensive, readily available, easy to maintain and very 
amenable to handling. 
- 3. Compared to the mouse, rat and hamster, which also possess the 
gualities just mentioned, it has an anatomically larger and more 
differentiated craniomandibular joint. 
- 4. It can not synthesize ascorbate from glucuronate (Schubert and 
Hamerman 1968). 
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- 5. It is susceptible to development of dental problems, which result 
in difficult prehension and deglutition with resultant gradual 
starvation and death (Wagner and Manning, 1976). 
As one can see, the guinea pig possesses some of the gualities of the 
mouse or the rat, but has a larger and more differentiated joint. Thus 
the use of an operation microscope is not mandatory, but, of course 
can facilitate the surgical procedure. 
On the other hand, the mouse presents a higher incidence of osteoar-
throsis (Walton 1977), which develops as a progression of the normal 
ageing of the joint tissue. This quality could be regarded as a disad-
vantage, as it could blur the results. If changes in mice should occur 
after the experiment, the question rises: are they due to the surgical 
procedure or to the ageing process? 
The guinea pig and the ape are the only mammals, besides man, who can-
not synthesize ascorbate from glucuronate (Schubert and Hamerman, 
1968). This has to be included in their diet so that collagen can be 
formed, otherwise normal collagen formation does not take place and 
growth and wound healing are inhibited. The potentionally negative ef-
fect of the surgical procedure we performed could be more obvious in 
these animals if prehension and deglutition would be disturbed due to 
malfunction or discomfort in the craniomandibular joint. 
Furthermore the fact that they are susceptible to development of den-
tal problems could accentuate the negative effect of potentional dis-
comfort in the joint and prevent the physiological grinding of their 
teeth resulting in "slobbers" (occlusal problems discussed in detail 
in Chapter 3). For these reasons, we registered parameters such as 
weight, length of incisors and compared them among the different 
groups. 
The mouthopening, although depending on other factors as well, such as 
fear (psychological condition of the animal) influencing the muscle 
tonus, gives us an idea of the functional capacity of the joint. 
Close follow-up during the first 12 hours postoperatively is absolute-
ly mandatory because the animals can easily suffocate if left alone. 
They are slightly mobile, being able to change position, but still are 
under the influence of the general anaesthetic and can lie on their 
nose resulting in obstruction of the airway and death. 
Postoperative administration of analgesics is required for pain relief 
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and prevention of shock. The criteria for pain assessment are subjec-
tive (Bentvelzen 1986) and therefore the choice of the analgesic and 
its dosis are based on human standards and experience. Pentazocine 
offers good results and was administered to all the animals. 
It is well known (Wagner and Manning 1976) that antibiotics can be 
toxic for the guinea pig possibly because they alter the intestinal 
bacterial flora from gram positive to gram negative resulting in en-
terocolitis and bacteremia. Penicilline, erythromycine, lincomycine, 
Chlortetracycline, Oxytetracycline, streptomycine and bacitracine have 
been reported to be toxic for the guinea pig (Wagner and Manning 
1976). 
We administered sulfamycitine, which is standardly used at our animal 
laboratory, without any problems. We considered the prophylactic use 
of antibiotics mandatory for two reasons: 
- 1. The guinea pigs are susceptible to early postoperative infections 
of the respiratory system. 
- 2. The use of transplants increases the risk of local infection. 
The choice of the materials we used was based on their biological and 
mechanical gualities. They are quite similar to those of the articular 
disc. 
We did not use alloplastic implants because of bad personal clinical 
experience in general (Freihofer 1980) and because of their disadvan-
tages reported by several authors (Davis and Jones 1971; Dolvick and 
Aufdemorte 19B5; Eiken et al 1985; Eriksson and Westesson 1986; Timmis 
et al 1986) who have used them for the replacement of the articular 
disc of various joints (temporomandibular, wrist) in clinical and ex-
perimental practice. However, this subject will be discussed more in 
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In this chapter, we would like to present some general information 
about the guinea pig. Clinical data concerning its weight, incisor 
length and mouthopening acquired from the control group are also pre-
sented. Furthermore a description is given of the macroscopic and mi-
croscopic anatomy of the cranio-mandibular joint of this animal. The 
information is based partly on our own investigation and partly on re-
ferences (öberg 1964). 
3.2. General information about the guinea pig. 
The importance of the guinea pig to medical research is symbolized by 
its being synonymous with "experimental subject "in the English 
language. It has been used as an experimental animal since the end of 
the 17th century. Lavoisier, in 1780, is commonly credited with 
being one of the first to use the guinea pig in research for the 
measurement of heat production (Wagner and Manning 1976). 
According to Cumberland (18Я6) the misnomer originates from the Spani­
ards, who first upon going to Peruvian markets, saw a little animal 
which looked remarkably like a sucking pig. They therefore called it 
that name, to which they added the distinctive term "Indian", because 
the early navigators spoke of South America as a part of the Indies: 
thus we have Porco da India, Porcella da India, Cochon d'Inde, the 
Indian Little Pig Coney. 
The term "guinea" is of later date, attributed to the fact that Euro­
peans had more traffic with the coast of Guinea than with that of 
South America and Guinea was considered as a part of the Indies (Wag­
ner and Manning 1976). 
It could also be that it was named so because it arrived in Europe via 
ships from Guiana, a country in northeastern South America or it could 
have been named for the coin, guinea, for which it could be purchased 
in England in the sixteenth and seventeenth centuries (Wagner and 
Manning 1976). 
It belongs to the: Type species - Cavia cobaya; Genus - Cavia; Subfa­
mily - Caviinae; Family - Caviidae; Superfamily - Cavioidae; Suborder 
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- Hystricomorpha; Order - Rodentia; Infraclass - Eutheria; Subclass -
Theira: Viviparous animals; Class - Mammalia (Magner and Manning 
1976). The guinea pigs are strictly herbivorous, they consume large 
quantities of vegetation in their natural habitat. Their molar teeth 
as well as the incisors are especially suited for grinding and contin-
uously erupt (Wagner and Manning 1976). 
3.3. Material and Methods. 
The controls consisted of two groups. The first comprised four ani-
mals. One was two months old, two were ca. 9 months old and one was 3 
years old. They were used for the evolutional study of the microscopic 
anatomy of the cranio-mandibular joint. 
For the histologic evaluation, the animals were sacrificed by an over-
dosis of Narcovet" being injected intracardially. They were perfused 
and sagittal serial sections were prepared as described in Chapter 2 
and stained with Hematoxyline and Eosine and according to Tänzer-Unna. 
The second group consisting of six 9-month old animals was followed 
clinically. Each week the weight, length of upper and lower incisors 
from incisai edge to gingival margin and mouthopening between incisai 
edges were measured. 
For the measurement of the mouthopening, which was carried out without 
anaesthetizing the animals, we used an especially designed device in 
which we could immobilize their head. Thereafter a lOOgr. heavy piece 
of metal was hung around their lower incisors. By this the mouth was 
forced to open and the mouthopening was measured. The results of the 
measurements can be seen in tables 1, ? and 3. 
After three weeks two of the animals were sacrificed in the way de-
scribed in Chapter ? and sagittal serial sections of both the cranio-
mandibular joints were prepared and stained with Hematoxylin and 
Eosin. 
After six weeks, two more animals were sacrificed and after twelve 
weeks we sacrificed the last two. Sagittal serial sections were pre-
pared as described in Chapter ?. 
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3.4. Results of clinical measurements. 
The weight of all animals showed hardly any changes during the obser-
vation period (Illustr.I, tables 19 and 20). 
The mouthopening of the animals did not show significant changes 
either (Illustr.I, tables 21 and 22). 
No asymmetry between the right and the left upper and lower incisors 
was observed. 
3.5. Macroscopic anatomy. 
The joint is almost entirely surrounded by muscles, except posteriorly 
where loose connective tissue containing fat is found. A capsule en-
closes the fossa, disc and condyle. 
The fossa, one of the two osseous parts of the joint, is groove-shaped 
with the long axis horizontal and basically located in the sagittal 
plane (Fig. 3.1). It is formed to a great extent by the squamosal bone 
and only the inferior part of the lateral wall is constituted by the 
zygomatic bone (Fig. 3.2). 
The second osseous part, the condyle, is oblong. Its long axis is 
parallel to that of the fossa. Both the length and the width of the 
condyle are about half as great as those of the fossa (uberg 1964). 
The superior surface of the condyle is smooth and convex. In frontal 
projection, it is strongly convex. Medially it is limited by a sharp 
edge formed by the concavity of the medial surface (Fig. 3.3) and it 
continues, without a sharp boundary, into the lateral surface (Fig. 
3.4). In sagittal projection it is less markedly rounded. 
The greater part of the condyle lies close to the squamous portion and 
only the lateral inferior portion of the articular surface is situated 
opposite to the zygomatic part of the fossa. Its exact position 
antero-posteriorly in the fossa depends on the occlusal relationship 
of the jaws. 
The articular disc is interposed between the fossa and the condyle. It 
caps the condyle from the sharp medial edge to the neck of the lateral 
side. It is thin centrally and becomes thicker especially anteriorly 
and posteriorly and, to a lesser extent, medially and laterally. All 
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Graphic Illustration showing the development of the 
relative weight and mouthopening of the animals belonging 
to the control group (continuous line = mouthopening, 
dotted line = weight). 
A. Ventral aspect of the skull of an adult guinea pig. 
Both fossae can be clearly seen. 
B. Left fossa in detail (A = Articular surface). 
Lateral aspect of the skull of an adult guinea pig. The 
arrow indicates the part of the zygomatic bone which 
contributes to the formation of the fossa (S = Squamosal 
bone). 
Medial aspect of the mandibular condyle, the arrow indi-
cating the sharp edge. 
Lateral aspect of the mandibular condyle. 
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along its periphery, the disc is attached to the capsule. In that way, 
the upper and lower joint space are completely independent, the upper 
being considerably larger than the lower. 
The muscles present lateral to the joint are the zygomaticoauricular, 
the superficial masseter, and the temporal and those lying medial to 
the joint are the lateral and medial pterygoid. 
The arteries supplying the region of the joint are the superficial 
temporal and the maxillary artery and the main vein is the maxillary 
vein. 
The trigeminal and the facial nerve are responsible for the innerva-
tion of the joint and the surrounding structures (Cooper and Schiller 
1975). 
3.6. Microscopic anatowy. 
The histologic appearance of the joint of the 2-month old guinea pig 
will be presented. According to Oberq (1964), the various tissue 
layers of the fossa and condyle are almost fully differentiated in 
these rapidly growing animals. The differences between these and the 
older animals will then follow. 
3.6.1. 2-month old animals (Fiq. 3.5 and 3.6). 
The fossa consists of the following layers (Fig. 3.7) 
1. Connective tissue layer. 
2. Undifferentiated mesenchyme. 
3. Cartilage. 
4. Compact bone. 
5. Spongy bone. 
The connective tissue layer is avascular and consists of a superficial 
cellular part and a basal fibrous part. The superficial zone is com-
posed of 1-3 rows of flattened cells with their long axes parallel to 
the surface, forming a practically continuous cellular lining in peri-
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pheral parts of the fossa. In the central part, the layer is thinner 
than in the periphery. The cells of the basal part are flattened in 
the centre and more oval towards the periphery. Their long axes are 
parallel to the articular surfaces. The collagen fiber bundles also 
run parallel to the surface in the central part, but are more irregu­
larly arranged in the peripheral region (Fig. 3.7). 
The undifferentiated mesenchyme is avascular and of fairly even thick­
ness, although thickest towards the edges. The cells lie close to­
gether. Superficially the cells and cell nuclei are smaller and oval, 
but deeper down they are larger and more rounded. Mitoses are often 
observed. The scanty intercellular substance contains fine fibers ar­
ranged in an irregular pattern (Fig. 3.7). 
The cartilage layer forms a continuous plate only in the periphery of 
the fossa. In the central portion, one can see only scattered chondro­
cytes (Fig. 3.7). 
The compact bone forms a continuous layer of approximately uniform 
thickness. The boundary between the undifferentiated mesenchyme (or 
cartilage) and the bone is well defined (Fig. 3.7). 
The spongy bone consists of essentially vertically oriented trabeculae 
that anastomose with each other and with the compact bone plate. The 
walls of the marrow spaces are covered with osteoblasts that are cu-
boidal adjacent to the bone plate and more flattened deeper within the 
spongiosa. Osteoclasts are also seen in some places. The bone marrow 
is hematopoetic. 
The condyle consists of the following layers (Fig. 3.Θ and 3.9). 
1. Connective tissue layer. 
2. Undifferentiated mesenchyme. 
3. Transitional layer. 
4. Cartilage. 
5. Compact bone. 
6. Spongy bone. 
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Low power photomicrograph showing condyle, disc and fossa 
of a ?-nionth old animal (C = Condyle, D = Disc, F = 
Fossa). Η Α Ε, χ 7. 
Condyle, disc and fossa of a 2-month old guinea pig in 
detail (C = Condyle, D = Disc, F = Fossa). H & Ε, χ 105. 
High power photomicrograph showing structure of the fossa 
in detail. The arrows indicate the cartilage-bone 
boundary (CT = Connective Tissue, UM = Undifferentiated 
Mesenchyme, С = Cartilage, В = Bone). Η & Ε, χ 265. 
High power photomicrograph showing structure of the 
condyle in detail (CT = Connective Tissue, UM = 
Undifferentiated Mesenchyme, TL = Transitional, С = 
Cartilage). Η 4 Ε, χ 265. 
High power photomicrograph of the condyle. The arrows 
indicate the cartilage-bone boundary. Η è Ε, χ 265. 
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The connective tissue layer is avascular, 1-2 rows of cells thick, re-
sembling that of the fossa. The basal part is richer in cells and the 
individual collagen fiber bundles appear more dense (Fig. 3.8). 
The undifferentiated mesenchyme is also avascular. It is thicker than 
that of the fossa. The cells are more closely packed and their bounda-
ries less distinct. Mitoses are more frequent than in the fossa (Fig. 
3.8). 
The transitional layer is fully developed in the posterior region and 
forms a thin zone between the undifferentiated mesenchyme and the car-
tilage. Its cells are oval and larger than those of the undifferenti-
ated mesenchyme (Fig. 3.8). 
The cartilage is thicker than that of the fossa and usually more deep-
ly stained. The chondrocytes are smaller, oval and separated by com-
paratively wide intercellular spaces immediately subjacent to the un-
differentiated mesenchyme, become larger and more rounded and separat-
ed by correspondingly reduced spaces near the compact bone (Fig. 3.8). 
The compact bone is more clearly seen towards the anterior border and 
has the same properties as the corresponding layer in the fossa (Fig. 
3.9). 
The spongy bone is made up of anastomosing trabeculae mainly oriented 
perpendicular to the articular surface. Osteoblasts as well as osteo-
clasts are seen. Hematopoetic marrow is present. 
The disc is thinner in the central part and thicker rostrally and cau-
dally (Fig. 3.10). It is composed of fibrous connective tissue. In its 
central region, the collagen bundles are flattened into plates paral-
lel to the articular surfaces with an anteroposterior direction. Pe-
ripherally the course of the bundles varies to a greater extent, 
giving rise to a three-dimensional network (Fig. 3.11). At the 
junction with the capsule, the collagen bundles become loosely ar-
ranged, particularly posteriorly. Adipose tissue occurs in the an-
terior and posterior borders of the disc. Blood vessels are found in 
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the peripheral portions and are more numerous posteriorly.The disc is 
focally united with the fossa and/or the condyle (Fig. 3.10). 
The capsule consists of two layers, an inner synovial and an outer fi-
brous one (Fig. 3.1?). The synovia consists of a cellular tissue rich 
in small vessels. It is continuous with the cellular part of the con-
nective tissue lining of the articular surface of the fossa, disc and 
condyle. Its cells though are not flattened as they are in the above 
mentioned sites, but are cuboidal in shape. Synovial villi protrude in 
the articular cavity from the anterior and posterior part of the cap-
sule. 
The outer fibrous layer contains thin collagen bundles in a rather ir-
regular pattern (Fig. 3.12). In the anterior and posterior part of the 
capsule there is loose adipose tissue and fat cells can also be seen 
(Fig. 3.12). Large blood vessels and occasionally nerves occur in this 
outer fibrous layer. Elastic fibers are scarcely seen in the outer 
layer, being more predominant in the caudal part of the capsule (Fig. 
3.13). 
3.6.2. 9-month old animals (Fig. 3.14). 
Fossa: The connective tissue layer shows an increase in density of the 
collagen bundles and a decrease in the number of cells. The thickness 
of the undifferentiated mesenchyme is diminished and the cells are 
fewer and smaller. Proliferating activity is seen basically at the an-
terior part. The cartilage on the anterior border is clearly seen, 
whereas, in the central part, few chondrocytes can be distinguished. 
The compact bone has increased in thickness and in the spongy bone the 
trabeculae are thicker and covered with sparsely situated osteoblasts. 
Condyle; The connective tissue has decreased in thickness. The undif-
ferentiated mesenchyme in the central part is not always continuous, 
forming islands. In the anterior and posterior parts, it retains its 
continuity. The transitional layer has disappeared as a continuous 
tissue layer and only scattered cells can be found. The cartilage is 
thicker in the central portion and consists mostly of calcifying car-
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Photomicrograph showing the rostral and caudal thickening 
of the interarticular disc. The arrows indicate the union 
with the condyle and the fossa. H & Ε, χ 16. 
High power photomicrograph showing three dimensionpl 
network in the peripheral part of the disc. Polarizaticn 
microscopy χ 265. 
A. Low power photomicrograph showing capsule (C 
Condyle, D = Disc, F = Fossa, S = Synovia, AT = Adipc.-> 
Tissue). H & Ε, χ 16. 
B. The structure of the capsule in detail (F = Fossa, D = 
Disc, S = Synovia, OL = Outer Layer). H & Ε, χ 105. 
High power photomicrograph showing elastic fibers at the 
caudal part of the capsule. Tänzer-Unna, χ 160. 
A. Low power photomicrograph showing condyle, disc and 
fossa of a 9-nonth old guinea pig. Η 4 Ε, χ 16. 
B. Condyle, disc and fossa of a 9-month old guinea pig in 
detail. The various layers can be clearly distinguished. 
Η & Ε, χ 65. 
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tilage. The trabeculae of the spongy bone are coarse and lined with 
osteoblasts. Hematopoetic bone marrow is present throughout the spon-
giosa. 
Disc; Large areas of the disc, particularly in the central part, have 
become fibrocartilage with relatively large chondrocytes. The disc ap-
pears fused with the connective tissue layer of the fossa or the con-
dyle to a greater or lesser extent in roughly half of the joints. 
Capsule; There is an increase in size of the villi and the collagen 
bundles of the outer layer are coarser and more densely packed. 
3.6.3. 3-year old animal (Fig. 3.15). 
Fossa; The connective tissue layer and the undifferentiated mesenchyme 
have become thinner and only remnants of cartilage are seen at the an-
terior part. The compact bone consists only of lamellar bone.The tra-
beculae of the spongy bone are thick. The hematopoetic marrow is still 
densely cellular, although rather less than previously. 
Condyle; The connective tissue layer is thinner and less cellular and 
the undifferentiated mesenchyme is hardly seen in the central portion. 
The number of cells in the cartilage layer has decreased and the 
amount of matrix has increased. The thickness of the compact bone has 
increased considerably. The trabeculae of the spongy bone are coarse. 
The marrow shows the same aspect as that of the fossa. 
Disc; The amount of fibrocartilage has increased, the chondrocytes 
have become larger and the collagen bundles in the connective tissue 
areas of the disc, fossa and condyle have increased in density. In the 
central part of the disc the superficial cells are absent. 
Capsule; The synovia remains rich in cells, the villi have further in-
creased in size. There is abundant adipose tissue in the anterior and 
posterior parts of the capsule. 
- 31 -
3.7. Discussion. 
Sicher (196?) first used the name cranio-mandibular joint, a term 
indicating that the cranium as well as the mandible contribute to the 
formation of this joint. It is a general term applicable to memmals 
who do not possess a temporal bone and whose cranial part is formed by 
the squamous and/or zygomatic bone, as in the case of the guinea pig. 
We adopted this term and shall use it throughout the whole thesis. 
As mentioned earlier (Chapter 2), the guinea pig is susceptible to de-
velopment of dental problems. Its teeth continue to erupt throughout 
life and any interference with normal wear and occlusion can lead to 
malocclusion and resultant difficulty with prehension, swallowing and 
possibly slobbering. Therefore this phenomenon is referred to as 
"slobbers" (Fig. 3.16). A variety of factors related to improper diet 
and/or faulty dentition have been suggested as a possible cause 
(Wagner and Manning 1976). It could also be considered as a genetical-
ly controlled malformation, although the nature of the abnormality is 
unclear and may involve bone, tooth or muscle alone or in combination 
(Rest et al 1982). 
Normal values of weight, incisai length and mouthopening were regis-
tered, in order to be compared to those of the operated animals. Based 
on the simple thought that joint problems could also cause malocclu-
sion resulting in "slobbers", we used the incisai length as a para-
meter indicative of the possible discomfort caused by the operative 
procedure. Of course all animals were checked prior to operation for 
preexisting malocclusion. 
The measurement of the animals' weight aimed at the same purpose. In 
other words, loss of weight could indirectly suggest malnutrition due 
to discomfort in the operated joint. 
The measurement of the mouthopening was used in order to offer a rough 
idea of the influence of the various surgical procedures on the storna-
tognathic system of the animals. 
As one can see, the main components of the joint are the same in 
humans and rodents. Of course, there are differences especially in the 
functional pattern, but observations made on craniomandibular joints 
of guinea pigs could give us hints of the changes which take place 
after similar interventions in human beings. 
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Fig. 3.15. Α. Low power photomicrograph showing condyle, disc and 
fossa of a 3-year old guinea pig. Η 4 Ε, χ 28. 
В. Condyle, disc and fossa of a 3-year old guinea pig in 
detail. Η & Ε, χ 105. 
Fig. 3.16. A. Incisors of a normal 9-nionth old guinea pig. 
B. Lateral aspect of the incisors of a guinea pig which 
developed "slobbers". 
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From the description of the microscopic anatomy, it appears that the 
fossa and the condyle consist of the same tissue layers except for the 
transitional layer which is present only in the condyle. There are, 
however, variations in the arrangement of the tissue layers between 
fossa and condyle, between various portions of each skeletal part and 
between animals of different ages. 
The connective tissue layer* and the transitional layer of the con-
dyle are associated with the articular component (Silva and Hart 1967) 
and the undifferentiated mesenchyme and the cartilage are responsible 
for the cell renewal and the formation of the matrix (Oberg 1964; 
Oberg et al 1967, 1969). 
The cartilage at the anterior border of the fossa forms a second 
growth center less prominent than that of the condyle, according to 
Öberg (1964). The growth ceases at 1,5-2 years of age, but slow re-
modelling changes continue throughout the rest of the guinea pig's 
life. 
The fact that the articular disc appears to be united in several 
joints either with the superficial layer of the fossa or that of the 
condyle has not, to our knowledge, been described before. It is guite 
peculiar that Oberg (1964) in his detailed work: "Morphology, growth 
and matrix formation in the mandibular joint of the guinea pig" didn't 
notice anything similar. The fact that he first dissected and then 
fixed the joints could have played a role. Anyhow it is hard to say 
whether we have to deal with an anatomical variant or not. Considering 
the fact, though, that roughly 50% of the nonoperated joints presented 
this feature, we are apt to believe that we do not have to deal with 
an artifact or a pathologic condition. 
The fact that chondrocytes appear in the disc of the 9-12 month old 
guinea pigs could be interpreted, according to Oberg (1964), as an at-
tempt to increase to load-bearing capacity of the connective tissue 
through its imbibition with chondroitinsulfuric acid. 
Comparing the microscopic anatomy of the young animals to that of the 
middle-aged and old animal, it is evident that slight changes occur as 
the time passes by. Our findings confirm those of Oberg (1964). In 
*We used the terminology introduced by Öberg (1964) for convenience 
although we consider it rather inaccurate. 
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short terms these are the general decrease in cell size, with the ex-
ception of the chondrocytes appearing in the disc, and the predomi-
nance of the extracellular fibrous material. It is important to bear 
them in mind, so that changes different from those just described seen 
in the joints of animals having undergone surgical procedures will not 
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A transient effect of an arthrotomy on the articular components of a 
joint in animals which were used for experimental studies has been re-
ported (Sprinz 1961; Elmer et al 1977; Timmis et al 19B6). The second 
group was used for the study of the effect of the operative technique 
on the craniomandibular joint of the guinea pig. Arthrotomies were 
performed and the animals were followed clinically, sacrificed and 
sagittal serial sections were prepared and stained as described in the 
previous chapters for the histological evaluation of the joints. 
4.2. Material and methods. 
Six young adult female guinea pigs were operated on. 
General anaesthesia was achieved by intraperitoneal injection of so-
dium pentobarbital and local analgesia by subcutaneous and intramuscu-
lar injection of Ultracaïne DS-forteR. The right eye was protected 
with Globenicol" intraocular ointment (Gist-Brocades, Delft, The 
Netherlands). The hair was shaven spaciously around the right cranio-
mandibular joint. Under aseptic conditions, a curvilinear incision 
between right ear and right eye with its convex part rostrally was 
made through skin (Fig. 4.1) and underlying muscles. The periosteum of 
the zygomaticosquamosal arch was also incised vertically and elevated. 
The arch was osteotomized beyond the lateral border of the fossa 
(Fig. 4.2) and retracted laterally. Two holes, one on each side of the 
osteotomy site, were drilled. The joint capsule was meticulously 
opened with great care not to injure the disc. It was closed with 
interrupted Vicryl" 6-0 (Ethicon GmbH, Norderstedt, West Germany) 
sutures. After thorough haemostasis, the wound was rinsed with physio-
logic saline and the arch was reduced and fixed with а О.Зшт thick 
stainless wire osteosynthesis. The muscles were closed with atraumatic 
Vicryl" 3-0 and the skin with Michel^ (12 χ 2.5mm, Aesculap, West 
Germany). 
Postoperatively all animals received analgesics and antibiotics as de­
scribed in Chapter 2. 
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Fig. 4.1. Curvilinear skin incision between right ear and right 
eye. 
Fig. 4.?. A. Clinical aspect of the osteotomized arch. The drilled 
holes can also be seen. 
B. Schematic drawing of the lateral aspect of the 
osteotomy. 
C. Schematic drawing of the frontal aspect of the 
osteotomy. 
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4.3. Clinical follow-up. 
All the animals were closely followed every day during the postopera-
tive period. No infection occurred in any one of them. 
One animal was found with fractured upper incisors during the 5th 
postoperative week. The fractured distal parts were removed. The teeth 
grew normally after that. The upper incisors reached the lower just 
before the animal was sacrificed. 
The animals' weight, mouthopening and incisai length are listed in 
tables 4, 5 and 6. Four of the six animals lost some weight immedi-
ately after the operation. Three regained it, but one kept on emaci-
ating till it was sacrificed (Illustr.II and tables 19 and ?0). 
Their mouthopening decreased significantly (IDS) during the first and 
second postoperative week, but thereafter returned to the preoperative 
values (Illustr.II and tables 21 and 77). 
The left and right incisors remained symmetrical in all but one ani-
mal. This developed "slobbers" (animal B) after the 6th postoperative 
week (Table 6). 
4.4. Histological results. 
The animals were sacrificed in the manner previously described, and, 
after dissection of the craniomandibular joints and decalcification as 
described in Chapter 3, sagittal serial sections were cut and stained 
with Hematoxyline and Eosine for the study of the microscopic appear-
ance of the joint components. 
4.4.1. 3 weeks postoperatively (Fig. 4.3.). 
The microscopic appearance of the condyle, disc and fossa of the right 
joint was, in both animals, within normal limits. However, in the 
dorsal part of the fossa of animal B, a very small area was seen where 
resorption of all cartilage layers and the underlying bone had taken 
place. The area was filled up with young fibrous connective tissue. 
The synovia showed a marked hypercellularity of the inner, as well as 
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the outer, layer (Fig. 4.4) and it was infiltrated by lymphocytes and 
plasma cells. Exudate could be seen in the joint space. 
The components of the left joint of both animals showed no abnormali-
ties. 
4.4.?. 6 weeks postoperatively (Fig. 4.5). 
The condyle, the disc and the fossa of the right joint were normal.The 
synovia was still hypercellular to a lesser extent though compared to 
the synovia of the previous subgroup. The inflammatory signs had some-
what subsided, but lymphocytes and plasma cells could still be 
observed. 
The left joint was normal in both animals. 
4.4.3. 1? weeks postoperatively (Fig. 4.6). 
The condyle and the fossa of both of the joints were normal. The disc 
of one of the animals showed a slight calcification at the rostral end 
and was united with the condyle as well as the fossa (Fig. 4.6). The 
other was normal. The synovia showed a slight hypercellularity. No in-
flammatory signs could be detected. 
Both left joints did not show any abnormalities. 
4.5. Discussion. 
The condyle of the guinea pig is partly covered by the sguamozygomatic 
arch. In order to approach the joint, one has to osteotomize the arch 
and retract it laterally. We could expect that especially this part of 
the surgical procedure might affect the joint in a negative way. This 
was not confirmed by the postoperative clinical and histological re-
sults. 
The clinical results did not differ significantly from those of the 
control group. 
Two animals showed a permanent increase in weight, three a decrease 
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Graphie illustration showing the development of the 
relative weight and mouthopening of the animals which 
underwent the sham operation. 
A. Low power photomicrograph showing condyle, disc and 
fossa 3 weeks after the sham operation. H & Ε, χ 16. 
B. Condyle and 
C. Fossa in detail. Η & Ε, χ 6Ь. 
Photomicrograph showing hyperplasia of inner synovial and 
outer layer of the capsule. Η 4 Ε, χ 65. 
Photomicrograph showing right condyle, disc and fossa of 
a guinea pig 6 weeks after the sham operation. 
Η 4 Ε, χ 16. 
Photomicrograph showing the right condyle, disc and fossa 
of a guinea pig 12 weeks after the sham operation. Union 
of the disc with the condyle and the fossa is seen. 
Η 4 Ε, χ 16. 
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during the early postoperative period and an increase thereafter, and 
one a permanent decrease. This last animal developed occlusal problems 
after the sixth postoperative week. Its initial weight decrease can be 
attributed to the postoperative shock, the progressive weight loss 
after the sixth week was due to the difficult prehension and degluti-
tion due to the "slobbers". No histological changes could be seen in 
the operated or the control joint of this animal. Furthermore, the 
fact that it developed the occlusal problem after the sixth postopera-
tive week makes us believe that it was not the result of the operative 
procedure. 
It has already been mentioned that the measurement of the mouthopening 
is rather inaccurate because several factors might influence it. Any-
how, comparing the findings of this group to those of the control, we 
see that the sham operation did not significantly affect the mouth-
opening of the animals. 
The sham operation often causes some minor transient disturbances of 
the articular components. 
Sprinz (1961) studied the effect of surgery on the meniscus of the 
cranio-mandibular joint in rabbits. He performed the sham operation by 
opening the superior joint cavity in two, the inferior compartment in 
three and both joint cavities in four animals. The ones whose inferior 
compartment was opened showed microscopically slight erosions and one 
case showed small excrescences. Microscopically the erosions were re-
lated to a reduction of the cellular cartilage layer which, in some 
areas, was completely absent. The fibrous articular layer was intact, 
but no bony spicules appeared on the articular surface. He does not 
mention anything about inflammatory reactions. 
Timmis et al (19B6) compared the gualities of alloplastic implants af-
ter replacing the craniomandibular joint disc in rabbits with rein-
forced silicone or polytetra-fluoroethylene-aluminium oxide. The group 
they used for the arthrotomies showed marked synovial hyperplasia and 
loose joint bodies two weeks postoperatively. The retrodiscal tissues 
were hypercellular. Reactive lymphocytosis was observed in the sur-
rounding tissues. The articular surfaces showed minimal resorptive and 
reactive changes. The four-week specimens showed chronic papillary 
synovitis, articular surface degeneration and cartilaginous hyperpla-
sia. The inflammatory response was chronic in nature, with lymphoid 
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hyperplasia, as well as an epithelioid cell component. The eight-week 
specimens showed minimal inflammation and were otherwise similar to 
those of the previous group. The twenty-week specimens showed no in-
flammatory response, mild synovial hyperplasia and increased hemato-
poiesis of the condyle. 
Arthrotomies performed by other authors in knee joints did not cause 
significant changes of the joint components either (Elmer et al 1977). 
The transient inflammatory changes we observed were similar to those 
seen by Timmis et al (1986), thouqh of a milder form. They had subsid-
ed after twelve weeks, therefore we did not consider it necessary to 
let the last animal live any longer. 
The small defect seen in the caudal part of the fossa in one of the 
animals was probably caused by trauma. It had not been evident macro-
scopically and was only noticed microscopically. The clinical course 
of the animal was uneventful. We can, therefore, assume that the small 
histological change was not of clinical significance. However, it is 
evident that one has to operate with great care, because even minor 
careless handlings can cause microscopical changes to the joint. 
We can conclude that the surgical approach to the joint used did not 
cause significant changes to the joint components. Any changes, other 
than described in this chapter, seen in the following groups should 
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Meniscectomy or discectomy has been used by many authors, whereas a 
considerable number of others have challenged its value as a therapeu-
tic method (Chapter 1). Investigators wanting to study the effect of 
the removal of the interarticular disc on the microscopic anatomy of 
the craniomandibular joint have used various animal models and have 
come to roughly the same conclusions. 
With regard to the transplantation of autoqeneic and allogeneic mate-
rials, we wanted to establish our standards, as far as meniscectomy is 
concerned, using a different experimental animal. The aim of this 
chapter is to study the removal of the disc on the articular com-
ponents of the craniomandibular joint of the guinea pig. 
5.2. Review of the literature. 
Reviewing the literature, we found the first report in 1934. Stein-
hardt (1934) used seven young and old dogs and removed the disc uni-
laterally in some and bilaterally in others. After a few weeks he 
observed tears on the articular surfaces reaching the deeper cartilage 
layer, which caused proliferation of cartilage cells. Furthermore the 
calcifying cartilage layer was invaded by osteoclasts, and osseous 
decomposition changes were seen. A villous proliferation of the syno-
via was not reported to have been seen. 
After several months, the convexity of the condyle had become flat-
tened because of bone formation. The cartilage had regenerated, but 
the fibrils were arranged radially instead of tangentially as in the 
joints of control animals. He interpreted this change as an adaptation 
of the condyle and especially the cartilage layer to the increased 
pressure demands. He concluded that the arthrotic changes he saw, were 
not the final result, but just an intermediate stage before the flat-
tening of the condyle surface. Therefore, in cases of joint discomfort 
due to disc pathology, he advised bilateral removal, because he 
believed that the healthy joint would respond in the same way. 
Sprinz (1954), influenced by the fact that other investigators (Fisher 
1936; Smillie 1943) had observed regeneration of the knee 
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joint menisci after removal, studied the reactions of the temporoman-
dibular joint in rabbits after excision of the disc. He found that the 
latter did not regenerate in any of the rabbits he operated on. Fur-
thermore, Sprinz (1954) states that: "Changes are observable in the 
efficiency of chewing, but these are very slight. The effect of the 
operation is not derogatory to the well being of the animal". The con-
dyles of all operated joints enlarged and the temporal bone became 
wider. The condylar outline changed and the articular surface showed 
either a smooth and regular or a rough and irregular surface with 
greatly thickened fibrocartilage compared to the normal joint. 
The same author, studying the effect of an experimentally created tear 
or defect in the disc, found that hardly any repair of the damage took 
place (Sprinz 1961). The condyles enlarged and irregularities and 
indentations were seen on the surface. Furthermore in one animal, in 
which part of the disc was excised, total destruction of the disc was 
observed. 
In a third paper, Sprinz (1963) studied the effect of excision of the 
condyle, with and without meniscectomy and the excision of the upper 
sguamosal part of the articulation, with and without meniscectomy aim-
ing at the investigation of the role of the meniscus in the healing 
process following the above mentioned procedures. 
Based on the results, he stated that: "The disc has a restraining in-
fluence on the potentially growing condyle". He also found that the 
weight increase was larger in the group of animals where the disc was 
not removed. He advised the maintenance of the disc after condylectomy 
if no damage has occurred and its simultaneous removal if the disc is 
damaged during the condylectomy procedure. 
Lekkas (1973), in his thesis, studied the effect of several factors on 
the development of condylar hyperplasia. He found that partial as well 
as total extirpation of the articular disc of the craniomandibular 
joints in rats resulted in unilateral condylar hyperplasia. The arti-
cular surfaces depending on the site of the damage were regular or ir-
regular. Microscopically, he observed an increase in thickness of all 
the layers of the condylar cartilage. 
Wheat et al (1977) studied the effect of meniscectomy on the growth 
of the condyle in juvenile and adult Macaca fascicularis monkeys. They 
found that this surgical procedure caused an up to 40% increase in the 
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antero-posterior dimension of the condyle in the juvenile and a 20% 
increase in the adult animals when compared to the control group. They 
concluded that the presence of the articular disc has an influence on 
condylar morphology. 
Yaillen et al (1979) studied the effect of meniscectomy on the tempo-
romandibular joint structure and masticatory function of Rhesus macaca 
monkeys. They observed microscopic changes resembling degenerative 
joint disease: loss of condylar and temporal articular surface layer, 
bone resorption on the temporal articular eminence, broadening and 
flattening of the condyle due to formation of exostoses and osteophy-
tes and obliteration of the joint space with fibrous ankylosis between 
the condyle and the temporal bone. The changes were more evident in 
the anterior and middle third of the condyle, whereas the posterior 
part was least affected. The resorptive changes were verified radio-
graphically. Variable alterations in masticatory patterns were ob-
served. The authors concluded that: "While there appeared to be an 
association between temporomandibular joint structure and masticatory 
function, radiographic and microscopic observations of morphological 
alterations in the joint did not result in predictable functional 
limitations in chewing pattern". 
Authors having studied the same subject in different joints observed 
similar phenomena. Lufti (1975) resected the medial meniscus of the 
knee joint in twelve young grivet monkeys. Degenerative changes such 
as thinning and erosion of the cartilage or eventually complete loss 
of it with thickening and exposure of the subchondral bone were seen. 
The degenerative changes had occurred despite the regeneration of the 
meniscus which consisted of fibrous tissue without any cartilage 
cells. 
Elmer et al (1977), wanting to elucidate the relationship between the 
formation of a regenerative semilunar mold and the development of de-
generative arthritis, removed the medial meniscus of the knee joint in 
rabbits and dogs. The meniscus did not regenerate in some of the ani-
mals and degenerative changes, which included pitting and fibrilation 
of the articular surface, osteophyte formation, pycnotic chondrocyte 
nuclei and clone formation, could be seen in the articular cartilage. 
Regeneration of the meniscus occurred in the rest and no degenerative 
changes were seen in the articular cartilage of these joints. Half of 
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the animals, which underwent simultaneous synovectomy, showed no re­
generation of the meniscus and significant degenerative changes. Two 
of these, however, showed regeneration of a well-defined fibrous mold, 
and synovia, which had proliferated within the medial compartment, was 
in direct continuity with the mold and appeared to be the origin of 
the fibrous tissue. 
From the review of the literature it can be concluded that, despite 
the fact that various investigators studied the subject "Meniscectomy" 
for different reasons, they all reported degenerative changes after 
the removal of the disc of the craniomandibular and several after re­
moving the meniscus of the knee joint. 
5.3. Material and •ethods. 
Seven young adult female albino cavias were used. 
Under general anaesthesia and local analgesia, a curvilineai incision 
was made in the right craniomandibular joint area as described in 
Chapter 4. After osteotomizing the zygomaticosguamosal arch and open­
ing the capsule, the articular disc was freed from the surrounding 
tissues (Fig. 5.1) and removed (Fig. 5.2), with great care not to 
traumatise the condyle or the fossa. After thorough haemostasis and 
rinsing of the wound with physiologic saline the arch was reduced and 
fixed. The wound was closed in layers, as described in Chapter 4. 
Postoperatively, all animals received analgesics and antibiotics. 
After having been followed for three weeks (two animals), six weeks 
(two animals), twelve weeks (two animals) and twenty-four weeks (one 
animal), they were sacrificed and sagittal serial sections were 
prepared as described in Chapter ? and stained with Hematoxyline and 
Eosine and with Alcian blue-PAS. 
5.4. Clinical follow-up. 
All the animals were closely followed every day during the postopera­
tive period. No infection occurred in any of them. Their weight, 
mouthopening and incisai length are listed on tables 7, θ and 9. 
- 55 -
Six animals lost some weight during the early postoperative period, 
but regained weight thereafter. Before being sacrificed, none of the 
animals weighed less than preoperatively (Illustr.III and tables 19 
and 20). 
Five animals showed a slight and two a marked decrease of the mouth-
opening postoperatively. The decrease was statistically significant 
(25%) and no real recovery was seen thereafter (Illustr.III and 
tables 21 and 22). The two guinea pigs with the markedly decreased 
mouthopening and one of the others showed a slight deviation of the 
mandible during mouthopening towards the operated side. 
No animal developed "slobbers". Four animals presented slight tran-
sient asymmetries in their incisai length, which they corrected by 
grinding. 
5.5. Histological results. 
5.5.1. 3 weeks postoperatively. 
Joint space: No remnants or regeneration of the articular disc were 
seen. The interarticular space was markedly narrowed (Fig. 5.3) in one 
animal and partially non-existent in the other. Polarization micro-
scopy gave the idea of a fibrous ankylosis (Fig. 5.4). A small amount 
of wound exudate could be seen and the condyle was in direct contact 
with the fossa (Fig. 5.3) in both animals. 
Condyle: The outline was irregular with elevations and notches (Fig. 
5.5). The superficial connective tissue layer was accellular. The cen-
tral part of it in one animal was completely absent, the "defect" con-
tinuing through the whole articular cartilage to the underlying bone 
(Fig. 5.5). The undifferentiated mesenchyme was active and showed 
hyperplasia. The cartilage layer was relatively acellular and rich in 
intercellular matrix in one animal. In the other it showed a marked 
hyperplasia rostrally (Fig. 5.5), the central part of it being absent 
and the caudal part being normal. The cartilage-bone boundary was well 
defined (Fig. 5.3). The underlying bone showed slight osteoclastic re-
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Fig. 5.1. A. Clinical aspect of the interarticular disc partly 
freed from the surrounding tissues. (D = Disc, С = 
Condyle). 
B. Schematic drawing of the clinical picture. 
Fig. 5.?. The removed interarticular disc. 
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Fig . 5.1A 
F ig . 5.2 
- s a ­
n i . Π Ι Graphic illustration showing the development of the 
relative weight and mouthopening of the animals which 
underwent meniscectomy. 
Fig. 5.3. A. Low power photomicrograph showing narrowing of the 
joint space in the first animal 3 weeks after menis­
cectomy. Focal union of the condyle and the fossa is 
indicated by the arrows. H 4 Ε, χ 16. 
В. The focal union in detail. A marked hyperplasia of the 
cartilage layer can be clearly distinguished (H = 
Hyperplasia). Η 4 Ε, χ 105. 
Fig. 5.Α. Α. Extensive union of condyle and fossa in the joint of 
the second animal 3 weeks after meniscectomy. 
Η 4 Ε, χ 65. 
В. The same picture after using polarization microscopy. 
The condyle-fossa boundary cannot be easily distinguish­
ed, χ 65. 
Fig. 5.5. A. Low power photomicrograph showing the irregular 
outline of the condyle. The defect in the articular 
cartilage is indicated by the small arrows. The big 
arrows indicate the partial replacement of the rostral 
part of the fossa bone by newly formed cartilage. 
Η 4 Ε, χ 16. 
В. Detailed aspect of the fossa defect. Η 4 Ε, χ 65. 
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sorption especially in the rostral part. 
Capsule: The inner synovial as well as the outer layer were hyperplas-
tic in both animals (Fig. 5.6). 
Fossa: There were no gross changes. The rostral part in the animal 
with the hyperplasia of the rostral part of the condyle showed bone 
resorption and replacement with newly formed cartilage (Fig. 5.5). 
Control side: The microscopic appearance of both control sides was 
normal. 
5.5.2. 6 weeks postoperatively. 
Joint space: No remnants and no regeneration of the disc could be 
seen. The interarticular space had nearly disappeared in both animals 
and the condyle contacted the fossa (Fig. 5.7). Polarization micro-
scopy gave the impression that a partial ankylosis had developed. A 
small amount of exudate could be seen at the caudal part in one of the 
animals. 
Condyle: The outline was irregular with formation of fissures (Fig. 
5.7). The superficial connective tissue layer had vanished. The condy-
le was covered by an acellular layer of varying thickness. The undif-
ferentiated mesenchyme was absent in the central part. In the rostral 
and caudal parts, the cells were irregularly arranged and formed cell 
islands (Fiq. 5.7). The cartilage showed marked hyperplasia rostrally 
and in the central area (Fig. 5.7) with bone formation in the rostral 
part (Fiq. 5.8). The caudal part showed formation of younq connective 
tissue reaching the condylar surface. The cartilage-bone boundary was 
not well defined. The underlying bone showed mild osteoclastic resorp-
tion rostrally and centrally. 
Capsule: A less marked hyperplasia of the inner synovial and outer 
layer was seen compared to the animals sacrificed 3 weeks postopera-
tively. The intercellular fibers were irregularly arranged. 
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Fossa; The superficial connective tissue layer ranged from normal to 
entirely absent. The cells of the undifferentiated mesenchyme were ir-
regularly arranged. The rostral part of the cartilage was hyperplastic 
in both animals. One of them, though, also showed an area of complete 
absence of the articular cartilage (Fig. 5.9). The underlying bone 
showed mild osteoclastic resorption. 
Control side; This had a normal appearance in both animals. 
5.5.3. 1? weeks postoperatively. 
Joint space; No remnants and no regeneration of the articular disc 
could be seen. The interarticular space was markedly narrowed. 
Condyle; The outline was irregular. The superficial connective tissue 
layer was absent here and there, the condyle being covered by an acel-
lular layer. The cells of the undifferentiated mesenchyme layer were 
irregularly arranged forming islands. The cartilage was hyperplastic 
especially rostrally. The cartilage-bone boundary was ill-defined. 
Mild osteoclastic resorption could be seen in the underlying bone. 
Capsule; There was hardly any area which showed hypercellularity. The 
microscopic appearance was within normal limits. 
Fossa; The superficial connective tissue layer ranged from normal to 
entirely absent. The undifferentiated mesenchyme layer was irregularly 
arranged with cell island formation. The cartilage was hyperplastic 
rostrally. The cartilage bone boundary was well defined. There was 
mild osteoclastic resorption in the underlying bone. 
Control side; They both had a normal structure. 
5.5.4. 2u weeks postoperatively (Fig. 5.10). 
Joint space; No remnants of the disc could be identified. A rudimen-
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Photomicrograph showing hyperplasia of both capsule 
layers. H & Ε, χ 65. 
A. Low power photomicrograph showing the irregular 
outline of the condyle and its contact with the fossa. 
The arrow indicates a deep fissure. Η & Ε, χ 16. 
B. Detailed picture of the area indicated by the arrow in 
A. 
С The cells of the undifferentiated mesenchyme formed 
islands (Arrows). Marked hyperplasia of the cartilage 
layer is also seen (H = Hyperplasia). Η 4 Ε, χ 65. 
Photomicrograph showing bone formation at the rostral 
part within the condylar cartilage layer. Η 4 Ε, χ 40. 
The rostral part of the articular cartilage of the fossa 
is absent (arrows). Η 4 Ε, χ 16. 
Photomicrograph showing condyle, fossa and synovial 
proliferation in the joint space. The degenerative 
acellular area especially of the fossa and to a lesser 
extent of the condyle is seen (S = Synovia). Η 4 Ε, χ 
65. 
Photomicrograph showing union of the condyle and the 
fossa. Degenerated areas are seen especially in the fossa 
(C = Condyle, F = Fossa). H 4 Ε, χ 65. 
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tary proliferation was seen at the cut edges of the original disc 
(Fig. 5.10). The structure was similar to that of the caudal inter-
articular disc ligament. The interarticular space hardly existed any 
more, the condyle partly contacting the fossa (Fig. 5.11). 
Condyle: The outline was slightly irregular. The superficial connec-
tive tissue layer ranged from normal to totally absent, the surface 
being covered with an acellular layer. The cells of the undiffe-
rentiated mesenchyme were irregularly arranged, when ever present, and 
the cartilage showed slight hyperplasia. The cartilage-bone boundary 
was well defined and the underlying bone showed a normal aspect. 
Capsule: The inner synovial as well as the outer layer had a normal 
appearance. 
Fossa: The superficial connective tissue layer ranged from normal to 
absent. The undifferentiated mesenchyme layer had almost disappeared 
and had been replaced by large degenerative acellular areas. The car-
tilage layer was not continuous and very thin. The cartilage-bone 
boundary was well defined and the appearance of the underlying bone 
was normal. 
Control side: It had a normal appearance. 
5.6. Discussion. 
The interarticular disc is present in the craniomandibular joint of 
all animals, whose macroscopic and microscopic structure has been stu-
died up to now. The gross anatomy and histology differ among the dif-
ferent species depending on the functional needs of each one of them 
(Gillbe 1975; Albu et al 1979). 
Many hypotheses have been made concerning the function of the disc; no 
author however could present real proof on which to base his assump-
tion. The following are some hypotheses about disc functions: 
1. Compensation of the incongruity of the joint surfaces (Gillbe 
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1975; Boerinq 1979; Williams and Warwick 1980). 
2. Shock absorption (Masson 1953; Boering 1979; Williams and Warwick 
1980). 
3. Prevention of wear of the joint surfaces (Hjörtsjö 1953; Boering 
1979). 
4. Spread of lubricant (MacConail 1932; Toller 1961; Williams and 
Warwick 1980) and 
5. Facilitation of movements without causing damage to the articular 
surfaces (Williams and Warwick 1980; Osborn 1985). 
Accepting some or all of the above mentioned ideas, one would expect 
changes to appear in a joint after the removal of the disc. 
All authors who performed discectomies in craniomandibular joints of 
various animals observed degenerative changes on both articular sur-
faces (Steinhardt 1934; Sprinz 1954, 1963; Lekkas 1973; Wheat et al 
1977; Yaillen et al 1979). 
In the present investigation, although a different animal was used, 
such changes were also seen in the microscopic specimens stained with 
Hematoxyline and Eosine as well as with Alcian blue-PAS. Fibrillation 
or loss of the superficial layer, derangement or loss of the undif-
ferentiated mesenchyme, hypertrophy of the cartilage layer with cell 
cloning, changes in the orientation of the collagen bundles were ob-
served to a greater or lesser extent in all animals, the changes of 
the condyle being more prominent. At certain sites, we observed 
arthrotic changes or even the development of a fibrous union between 
condyle and fossa, which was also seen by Yaillen et al (1979) in 
monkeys. 
The conclusion drawn by Steinhardt (1934) could not be confirmed by 
our findings. He observed a change in orientation of the collagen fi-
bers from a tangential to a radial one and interpreted this finding as 
an adaptation of the cartilage to the increased pressure, which devel-
oped in the joint after removal of the disc. 
Sprinz (1954) and Lekkas (1973) observed hyperplasia of the condyle 
after removal of the disc. Baume and Derichsweiler (1961) found that 
the condyle size increased after anterior orthodontic traction. Sicher 
(1962), commenting on the findings of Baume and Derichsweiler, postu-
lated: ".... The changes observed by the authors and explained as com-
pensation for the induced mandibular displacement are just that; name-
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ly, a manifestation of the tendency of the joint to maintain or to re-
gain proper relations, anatomically and functionally, between bony 
parts". 
We did not carry out quantitative measurements of the condyles. One 
could assume, however, that the absence of the articular space and the 
direct contact of condyle and fossa seen are due to increase in size 
of the former. If we accept Sicher's (196?) statement to be true, we 
can explain the reason of the contact between condyle and fossa seen 
in five of the seven animals. The absence of the disc creates more 
space and the condyle and/or the fossa hypertrophy. 
Salter and Field (1960), experimenting with intact rabbit and monkey 
knee joints, postulated that continuous compression of the articular 
cartilage, which was produced by a clamp in some animals and by simple 
immobilization of the joint in a forced position in others, resulted 
in joint degeneration, the lesions varying from superficial necrosis 
to loss of the full thickness of articular cartilage. They believed 
that they were caused because of interference with the diffusion of 
nutritive fluid through the intercellular substance of the cartilage. 
Thompson and Bassett (1970), experimenting on the same basis and 
having used rabbit knee joints herefore, observed, among other 
changes, fibrillation and loss of metachromasia of the articular 
cartilage similar to that produced by scarification of the articular 
surface reported by Meachim (1963). They suggested that if the im-
mobilization of a joint in a forced position is incomplete, limited 
motion can continue and shear forces can result, which are sufficient 
to produce fibrillation of the cartilage (Thompson and Bassett 1970). 
It is possible that this or a similar mechanism is responsible for the 
degenerative changes occurring in the craniomandibular joint of the 
guinea pig after meniscectomy. 
Regeneration of the disc was not seen in any of the animals. This 
agrees with the findings of Sprinz (1954, 1961). Only a remodelling of 
the rudiments could be observed in spite of the increased cellular ac-
tivity of the synovia, which is responsible for the regeneration of 
the meniscus in the knee joint of the rabbit (six weeks after menis-
cectomy, Elmer et al 1977), the dog (twelve weeks after meniscectomy, 
Elmer et al 1977) and the sheep (twelve weeks after meniscectomy, 
Ghadially et al 1986). 
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According to Elmer et al (1977), the regeneration of the disc in knee 
joints, when it occurs, prevents the development of degenerative 
changes. 
The degenerative changes seen can not be attributed to ageing, as the 
ageing changes observed in a 3-year old animal (see Chapter 3) were 
very slight and limited mainly to the cartilage layer of the condyle, 
the overall microscopic appearance of the joint being normal. 
Sprinz (1954) stated: " The removal of the meniscus did not im-
pair the feeding habits. Both mandibular and temporal joint surfaces 
enlarged". Yaillen et al (1979) could not correlate the microscopic 
appearance with the functional capacity. Three of the Macaca monkeys 
he used developed an ankylosis. In one animal a decrease in chewing 
dimensions and a deviation in the chew slant towards the affected side 
was seen, whereas the two others exhibited less postoperative chewing 
pattern change. 
Our findings agree with those of the two authors just mentioned. No 
animal lost weight, five animals showed a slight decrease and only two 
a marked decrease of their mouthopeninq, despite the fact that all 
animals showed degenerative changes and three of them presented mi-
croscopical signs of fibrous ankylosis. Three animals showed a slight 
deviation of the mandible towards the right side during mouthopening. 
Four animals showed very slight differences in the length of their in-
cisors which they corrected themselves by grinding. No animal develop-
ed "slobbers". 
It is evident that the chewing capacity did not directly correlate 
with the microscopic appearance of the joint in most of the meniscec-
tomised guinea pigs. From the results of this study, it is not 
possible to deduce which factors defined the extent to which each 
animal was influenced by the degenerative changes occurring in its 
joint. 
Summing up, we can already give answers to three of the questions 
posed in the first Chapter: 
1. The articular disc of the craniomandibular joint of the guinea pig 
does not regenerate after its removal. 
2. Degenerative changes occur in the condyle and the fossa after re-
moval of the disc consisting of changes in the articular carti-
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lage, the underlying bone and ankylosis. 
5. The postoperative clinical behaviour of the meniscectomised ani-
mals does not always correlate with the microscopic appearance of 
their joints. 
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In the general introduction (Chapter 1), various authors were men-
tioned who recognised the disadvantages of meniscectomy. They re-
ported the use of a number of autogeneic materials (dermis, fascia, 
auricular cartilage) for the replacement of the interarticular disc in 
humans (Georgiade 196?; Narang and Dixon 1975; Rudelt 1981; Witsenburg 
and Freihofer 1984). 
To the best of our knowledge, no author has ever reported the use of 
autogeneic transplants in an animal experiment after removal of the 
interarticular disc of the cranio-mandibular joint. 
6.2. Material and methods. 
Fifteen young adult female albino guinea pigs were used and were di-
vided into two subgroups. 
The first comprised six animals, which were anaesthetised by intra-
peritoneal administration of sodium pentobarbital. Local analgesia 
around the xiphoid process of the sternum was achieved by injection of 
0.2-0.4 ce. Ultracaïne DS-Forte". A midsternal incision was made 
till the xiphoid process was identified and a 0.7 χ 0.7 cm big carti­
lage transplant was harvested and immersed in sterile physiologic 
saline (NaCl 0,9%). The wound was closed in layers. 0.2-0.4 ce Ultra­
caïne DS-Forte" were injected around the right craniomandibular 
joint and the intraarticular disc was removed as described in Chapter 
5. After thorough haemostasis, the sternum transplant was cut to 
shape, interposed between condyle and fossa and fixed with atraumatic 
Prolene" 6-0 (Ethicon GmbH, Norderstedt, West Germany) sutures 
rostrally and caudally. The wound was closed in the usual manner. The 
postoperative care was the same as described in Chapter 5. Two animals 
were sacrificed after three, two after six and two after twelve weeks, 
and sagittal serial sections were prepared as described in Chapter 2. 
The second subgroup comprised nine animals which were anaesthetised in 
the usual way. 0.1-0.2 ce Ultracaïne DS-Fortef were injected sub-
cutaneously in the helix of the right ear. Through a curvilinear inci-
sion (Fig. 6.1) a 0.7 χ 0.7 cm big cartilage transplant was harvested 
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(Fig. 6.2) and immersed in sterile physiologic saline. The wound was 
closed with interrupted sutures. The right craniomandibular joint was 
approached in the usual manner and the disc was removed. The trans­
plant was cut to shape and interposed between condyle and fossa (Fig. 
6.3). It was fixed with Prolene" 6-0 sutures rostrally and caudally 
(Fig. 6.4). The wound was closed in layers and the animals received 
the usual postoperative care. After having been followed for three 
weeks (two animals), six weeks (two animals), twelve weeks (two ani­
mals) and twenty-four weeks (one animal), they were sacrificed and 
sagittal serial sections were prepared as described in Chapter 2. 
Two animals of this subgroup were used for autoradiographic studies 
(See 6.5). 
6.3. Clinical follow-up. 
All animals were closely followed every day during the postoperative 
period. 
The interposition of the sternum transplant was performed before hav­
ing standardized the clinical measurements. It is therefore meaning­
less to present the clinical values of this group, as a comparison to 
the other groups is not possible. The overal picture, however, was 
that the animals had moderate to marked discomfort. 
The animals with the auricular cartilage transplants did rather well. 
No infection occurred in any of them. Their weight, mouthopening and 
incisai length are listed in tables 10, 11 and 1?. 
All animals lost some weight during the early postoperative period. 
All of them, however, regained their weight and, after three weeks, 
half of them weighed more than preoperatively. The increase after the 
fifth week was statistically significant (Illustr.IV and tables 19 and 
20). 
All of them presented a markedly decreased mouthopening (20л) postop­
eratively. They slowly recovered; the mouthopening, however, never 
reached the preoperative values (Illustr.IV and tables 21 and 22). 
No animal developed malocclusal problems. During the whole follow-up 
period all lower and upper incisors remained symmetrical. Three ani­
mals showed a slight deviation of the mandible towards the operated 
side during mouthopening. 
6.4. Histological results. 
6.4.1. Sternum cartilage. 
6.4.1.1. 3 weeks postoperatively. 
Transplant: One of the transplants was displaced caudally and 
fragmented. The other had remained in situ, had folded though. Both 
retained their vitality. They were surrounded by a thick irregular 
layer of young richly vascularized fibrous connective tissue and newly 
formed hyaline cartilage. This sheath appeared to originate from the 
synovia. 
Condyle: The outline was rather irregular. The connective tissue layer 
had been replaced by an acellular layer with moderate vacuolar de-
generation. The undifferentiated mesenchyme layer had a varying thick-
ness. The cartilage layer had atrophied. The cartilage-bone boundary 
was ill defined. The underlying bone showed no abnormalities. 
Capsule: The inner synovial layer was partly absent and partly hyper-
trophic. The outer layer was partly hypercellular. The collagen fibers 
were irregularly arranged. There was a proliferation of the synovia 
towards the sheath covering the transplant. 
Fossa: The surface showed a ravelling aspect. The connective tissue 
layer was hyperplastic with vacuolar degeneration. The undifferentiat-
ed mesenchyme was also hyperplastic and the cartilage layer consisted 
of scattered chondrocytes. The cartilage-bone boundary was well de-
fined. The underlying bone showed no abnormalities. 
Control side: Both had a normal aspect. 
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Skin incision at the caudal side of the animal's right 
ear. The underlying cartilage can be seen (C = Carti­
lage). 
A. Macroscopic aspect of fresh auricular cartilage trans­
plant. 
B. Microscopic aspect of the transplant. Most of the la­
cunae appear to be acellular. Η Α Ε, χ 65. 
A. Clinical picture of the interposed transplant (T = 
Transplant, С = Condyle). 
B. Schematic representation of the clinical picture. 
A. The transplant fixed with Prolene" 6-0 sutures. The 
arrow indicates the caudal suture (T = Transplant, С = 
Condyle). 
B. Schematic representation of the clinical picture. 
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Fig . 6.4A F ig . 6.4B 
- V e ­
lli. IV Graphic illustration showing the development of the 
relative weight and mouthopening of the animals whose 
disc was replaced by autogeneic auricular transplants. 
Fig. 6.5. A. Fragmented sternum cartilage transplant in situ. 
H & Ε, χ 16. 
В. The transplant retained its vitality. The acellular 
layer which surrounded it can be clearly identified. The 
microscopic structure of the fossa is also seen (T = 
Transplant, F r Fossa). Η Α Ε, χ 65. 
С. Microscopic aspect of the condyle. Η & Ε, χ 105. 
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6.4.1.?. 6 weeks postoperatively (Fig. 6.5). 
Transplant: One of the transplants was displaced caudally, the other 
was fragmented and only the caudal fragment could be identified. They 
both had a normal structure and were surrounded by a thin acellular 
layer. 
Condyle: The outline had a flattened aspect showing focal pitting. The 
connective tissue layer showed vacuolar degeneration. The undifferen-
tiated mesenchyme layer was rostrally and caudally normal, in the mid-
dle consisting of more mature cells. The cartilage layer had somewhat 
atrophied. The cartilage-bone boundary was ill defined and the under-
lying bone showed moderate osteoclastic resorption. 
Capsule: The inner synovial layer was somewhat thinner, the outer 
showed a decreased cellularity. Focally necrotic sites could be seen. 
There were very few inflammatory cells. 
Fossa: The connective tissue layer showed the same aspect as that of 
the condyle. The undifferentiated mesenchyme layer was rather normal. 
The cartilage layer was almost absent showing a slight hyperplasia at 
the rostral part. The cartilage-bone boundary was well defined and the 
underlying bone showed a moderate osteoclastic resorption. 
Control side: Both joints showed a normal appearance. 
6.4.1.3. 1? weeks postoperatively. 
Transplant: A fragment could be seen rostrally. There was marked Car-
tilage profileration, which appeared to originate from the synovia. 
Condyle: The outline was rather irregular. The connective tissue layer 
had been replaced by an acellular layer. The undifferentiated mesen-
chyme had almost entirely atrophied. The cartilage layer was hyper-
plastic, its cells forming clusters. The cartilage-bone boundary was 
not well defined. The underlying bone showed no abnormalities. 
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Capsule; The inner synovial layer was hypercellular. The outer layer 
was rather normal. Neoosteogenesis could be identified rostrally and 
formation of hyaline cartilage caudaliy. 
Fossa; The connective tissue layer had been replaced by an acellular 
layer. The undifferentiated mesenchyme had atrophied. In its place 
young chondrocytes forming islands could be seen. The cartilaqe-bone 
boundary was clearly defined. The underlying bone showed no abnormali-
ties. 
Control side; They both had a normal appearance. 
6.4.2. Auricular cartilage. 
6.4.?.1. 3 weeks postoperatively (Fig. 6.6). 
Transplant; It was displaced laterally. It had retained its infra 
structure. There were no signs of resorption. Aposition of newly 
formed hyaline cartilage was seen around the peri feral part. 
Condyle; The outline was rather normal. The connective tissue layer 
rostrally and caudally was normal, its central part having been re-
placed by an acellular layer. The undifferentiated mesenchyme layer 
was incontlnuous, forming islands especially in the central part. The 
cartilage layer of the central part showed moderate hyperplasia. The 
cartilaqe-bone boundary was well defined and the underlying bone had a 
normal structure. 
Capsule; The inner synovial layer was thicker, the outer layer was 
rich in collagen fibers, which were more irregularly arranged. There 
was a synovial proliferation at the rostral part of the upper joint 
compartment. A slight inflammatory reaction could be seen. 
Fossa; The connective tissue layer and the undifferentiated mesenchyme 
layer showed a moderate degeneration being replaced by newly formed 
fibrous tissue. The cartilage layer was absent, only scattered chon-
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drocytes could be identified. The cartilage-bone boundary was not so 
well defined and the underlying bone showed slight resorption and 
osteogenesis. 
Control side: They both had a normal appearance. 
6.4.?.?. 6 weeks postoperatively (Fig. 6.7). 
Transplant: It was somewhat displaced caudally and fragmented. Only 
pieces were still seen in the joint space. Their microscopic structure 
remained intact. It was surrounded by a newly formed fibrous connec-
tive tissue layer and showed focal hyaline cartilage formation. There 
were no signs of resorption. 
Condyle: The outline was rather irregular. The connective tissue layer 
had almost entirely degenerated and had been replaced by an acellular 
matrix. The undifferentiated mesenchyme layer was irregular, forming 
islands. The cartilage layer showed moderate hyperplasia. The carti-
lage-bone boundary was ill defined and the underlying bone showed 
slight osteoclastic resorption. 
Capsule: The inner synovial layer as well as the outer layer showed a 
moderate hypercellularity. The collagen fiber bundles were somewhat 
irregularly arranged. 
Fossa: The connective tissue layer had degenerated and had been re-
placed by an acellular layer. The undifferentiated mesenchyme layer 
was focally absent. The cartilage layer showed rostrally a slight 
hyperplasia. The cartilage-bone boundary was well defined. The rostral 
part showed focally newly formed cartilage which had replaced the 
bone. 
Control side: It showed a normal appearance. 
6.4.?.3. 1? weeks postoperatively (Fig. 6.8). 
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Transplant: It was found rostrally displaced and showed multiple fold-
ing. Its internal structure remained unchanged with no signs of re-
sorption. It was surrounded by a fibrous layer and focal formation of 
cartilage and new bone formation could be observed. 
Condyle: The outline was rather normal. The connective tissue layer 
showed a decreased cellularity. The undifferentiated mesenchyme layer 
had a normal appearance. The cartilage had a rather normal structure. 
The cartilage-bone boundary was well defined and the underlying bone 
showed a slight atrophy and osteoclastic resorption in the spongy 
layer. 
Capsule: The inner synovial, as well as the outer layer, showed a de-
creased cellularity compared to the 6-weeks group. The collagen fiber 
bundles were somewhat irregularly arranged. 
Fossa: All layers had a normal appearance. The cartilage-bone boundary 
was clearly defined and the underlying bone showed a slight atrophy 
and osteoclastic resorption in the spongy layer. 
Control side: It showed a normal appearance. 
6.4.2.4. 24 weeks postoperatively. 
Transplant: It was displaced caudally. It had a normal structure, was 
surrounded by a fibrous layer and focal cartilage and new bone forma-
tion could be observed. 
Condyle: The outline was rather normal. The connective tissue layer 
showed a decreased cellularity and the undifferentiated mesenchyme 
layer showed a moderate atrophy. The cartilage layer was somewhat de-
generated. The cartilage-bone boundary was clearly defined and the un-
derlying bone had a normal appearance. 
Capsule: The caudal part had a normal structure. The rostral part con-
tained more blood vessels than the controls and the inner synovial 
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A. Low power photomicrograph showing condyle, transplant 
at the caudal site of the joint space and fossa. 
Η & Ε, χ 16. 
B. Condyle and fossa in detail (C = Condyle, F = Fossa). 
H & Ε, χ 65. 
C. Hyaline cartilage apposition around the transplant. 
H 4 Ε, χ 65. 
A. Photomicrograph showing a piece of the auricular 
transplant in the joint space. Its structure has remained 
unaltered. The rostral part of the condylar cartilage 
shows hyperplasia. The central part of the condyle is 
covered by a partly acellular matrix. The bone of the 
rostral part of the fossa has been replaced by newly 
formed cartilage (H = Hyperplasia, AM = Acellular Matrix, 
NFC = New Fossa Cartilage). Η & Ε, χ 16. 
B. Condyle in detail. Η 4 Ε, χ 65. 
C. Fossa in detail. Η & E, χ 65. 
A. The transplant can be seen rostrally surrounded by 
fibrous connective tissue. The condyle and fossa have a 
rather normal structure. Η 4 Ε, χ 16. 
B. The microscopic appearance of condyle and fossa in 
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layer showed a slightly decreased cellularity. 
Fossa; The caudal part oF the connective tissue layer had degenerated 
and had been replaced by an acellular layer. The rostral part was nor-
mal. The rostral part of the undifferentiated mesenchyme layer and the 
cartilage layer showed a slight hyperplasia. The cartilage-bone boun-
dary was clearly defined and the underlying bone showed no abnormali-
ties. 
Control side; This showed a normal appearance. 
6.5. Autoradiography. 
Autoradiographic studies were carried out in order to check on the 
vitality of the autogeneic auricular cartilage transplants. 
6.5.1. Technique. 
Two guinea pigs were used for the autoradiographic studies. After 
being operated on, the animals were clinically followed for three and 
twelve weeks respectively. Then each animal received a single dosis of 
Na2 'SO4, dissolved in sterile physiologic saline, injected 
intraperitoneally (1 mCi/kg body weight). The animals were sacrificed 
20 hours later by an intracardially injected overdose of sodium pento-
barbital. Perfusion, dissection, fixation and processing were carried 
out as described in Chapter ?. Serial sagittal sections of 7 urn were 
prepared on a base sledge microtome. After being mounted on precoated 
slides, the sections were covered with IIford" K? Nuclear Research 
Emulsion (Ilford Ltd., Basildon, Essex, GB). After an exposure of 4 
weeks the slides were developed and fixed. The sections were weakly 
stained with Haematoxiline and Eosine. 
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6.5.2. Resulta. 
3 weeks postoperatively. 
Transplant: The fragmented transplant showed less labelling compared 
to the rest of the joint space. The newly formed cartilage, on the 
other hand, which was formed around the former showed an increased 
uptake of 35s. 
Condyle: The parts showing no gross changes did not differ from the 
control side. The parts showing hyperplasia, on the other hand, showed 
an increased uptake of '^S. 
Capsule: An increased uptake was seen compared to the capsule of the 
control side. 
Fossa: The picture was the same as that of the condyle. 
1? weeks postoperatively. 
Transplant: There was only a slight difference between the uptake in 
the fragmented transplant and the parts of the newly formed cartilage 
and the joint space contents of the control side. 
Condyle: The appearance of all layers was almost the same as that of 
the control side. 
Capsule: Its appearance did not differ much from that of the control 
side. 
Fossa: Here too the uptake of '^g
 w a s throughout the whole fossa 
almost the same as that of the control side. 
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6.6. Discussion. 
Autogeneic cartilage has been widely used in surgery. It has certain 
qualities which render it a very eligible transplant. It can be easily 
remodelled (Köle 1962) and is resistant to pressure (Junqueira et al 
1977). Its surface is very smooth, allowing sliding movements. It pos-
sesses a very low metabolic activity, its carbohydrate metabolism 
being predominantly anaerobic (Laskin et al 1952; Laskin and Sarnat 
1953). So when it is transplanted, it undergoes minimal or no resorp-
tion (Wirth 1959; Köle 1962; Krüger 1964) because of its very low nu-
tritional needs. Laskin et al (1952) found that the rate of respira-
tion and anaerobic glycolysis in autogeneic and allogeneic grafts of 
rabbits declined by 45% during the first 7 days of transplantation. 
Furthermore, it is relatively resistant to infections (Köle 1962). On 
the other hand, it has a disadvantage, namely it has the tendency to 
warp. This will be discussed in detail later on. 
Based on these qualities, we decided to use autogeneic cartilage, 
sternum and auricular, transplants in this group. 
The sternum transplants could not be easily remodelled and were rather 
voluminous. Furthermore, they showed a marked tendency to warp, there-
fore the convex shape of the original disc could not be obtained. 
Probably for these reasons, the animals showed moderate to marked 
discomfort during the whole postoperative period. In spite of that, 
the histological changes of the condyle and the fossa were not very 
spectacular. Bone resorption, possibly due to altered pressure in the 
joint was observed and the articular surfaces showed minor degene-
rative changes. If the animals would have lived longer, maybe the 
changes would have been more prominent. 
The animals of the other group, in which auricular cartilage was used, 
did rather well after recovering from the operative procedure. All 
animals regained their weight, which even showed a statistically sig-
nificant increase compared to the preoperative values. No animal de-
veloped occlusal problems. Their joints, though, presented his-
tological changes which could be attributed to the frequent displace-
ment of the transplants. The latter were slightly thicker than the 
original discs, had a somewhat convex shape and also showed a marked 
tendency to warp.As their convexity was originally different, the 
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exact disc form could not be accomplished by manual remodelling of the 
transplant and therefore displacement of the latter resulted despite 
the fixing sutures. The shape of the transplant became irregular with 
focal folding, due to the displacement resulting in uneven distri-
bution of pressure and the development of degenerative changes in 
certain parts of the condyle and the fossa. Furthermore, the 
displacement caused a more rapid wear down and fragmentation of the 
transplant because of an uneven distribution of forces during 
mandibular movements. Parts of the transplants remained in the joint 
space and were joined to the capsule and others were embedded in the 
surrounding soft tissues. This would explain the fact that pieces of 
the transplants were seen in the joint space, giving the impression of 
loose bodies. 
The sternum transplants retained their vitality and showed no resorp-
tion. This finding is in agreement with the findings of previous au-
thors having used autogeneic cartilage transplants in experimental 
studies (Peer 1939; Davidson 1959). The auricular transplants retained 
their initial acellular microscopic appearance. The evaluation was not 
that easy though, because of their original structure. They did not 
show evident signs of resorption. This is probably due to the fact, 
that the physicochemical properties of cartilage are defined mainly by 
the properties of its matrix and provided autolytic degradation is 
minimized, the structure of the matrix remains unchanged to death 
(Freeman 1973). Ossification, as seen in the transplant of the last 
animal, was also observed by Peer (1939). He considered it to be a 
degeneration of cartilage which failed to survive transplantation 
because of nutritional difficulties. Davidson (1959) observed ossifi-
cation in newly formed cartilage after autogeneic transplantation. He 
stated: "It is interesting to speculate concerning the origin and for-
mation of new bone which occurred in two of the specimens. It is 
possible that a slight change of unknown origin in the stimulus of the 
substance forming new cartilage may account for the formation of the 
new bone". 
The articular parts which were not covered by the transplants showed 
degenerative changes similar to those observed in the meniscectomised 
joints for the reasons analyzed in Chapter 5. The areas covered by the 
transplants showed hardly any changes. 
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A possible measure in order to avoid displacement of the transplant 
could be temporary immobilization of the jaws. There are authors, who 
claim that this is not an entirely harmless procedure (Salter and 
Field 1960; Glineburg et al 1982). Degenerative changes of the articu­
lar cartilage, which are sometimes irreversible, occur and are the re­
sult of interference with the diffusion of nutritive fluid through the 
intercellular substance of the cartilage (Salter and Field 1960). As 
these changes occur minimally after a week of immobilization (Salter 
and Field 1960; Glineburg et al 1982), one could consider the possibi­
lity of immobilizing the operated joint for one week. A period of 5 -
7 days, namely, suffices, according to Murnane and Doku (1971) for the 
establishment of a sufficient population of mesenchymal cells in newly 
formed granulation tissue in the rabbit. They believe that after this 
time, the newly formed tissue can be become well organized in order to 
withstand the stresses imposed during joint movement. Based on the 
above mentioned, one could assume that in this period the cartilage 
transplants will have become united with the surrounding tissues and 
thus less prone to displacement. 
The autoradiographic studies showed that the uptake of '^g
 w a 3 
increased in all active parts of the joints, compared to the control 
sides, whereas all other parts had an appearance similar to that of 
the control sides. The labelling in the auricular cartilage trans­
plants was decreased when compared to the joint space contents of the 
control side. 
Twelve weeks postoperatively the situation seemed to have stabilized 
and there was hardly any difference between the operated and the 
control side. In other words the autoradiography confirmed the histo­
logical findings. 
Summarizing the aforementioned we can partly answer the third, fourth 
and fifth question posed in the first chapter. 
Autoqeneic sternum transplants retain their vitality and structure and 
autogeneic auricular transplants retain their microscopic structure 
after transplantation into the cranio-mandibular joint of the guinea 
pig. They do have the tendency, though, to displace, usually laterally 
or caudaliy. 
The parts of the articular surfaces covered by transplants remain un­
altered, whereas the uncovered parts show degenerative changes and 
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hyperplasia of the articular cartilage and sometimes of the underlying 
bone. 
We could not establish a direct connection between the postoperative 
clinical behaviour of the animals and the microscopic appearance of 
the joints. The animals with the sternum transplants had a marked dis-
comfort and not very spectacular joint changes as one would have ex-
pected. The animals with the auricular transplants did rather well 
despite the changes observed in certain parts of the joints. 

CHAPTER 7 





7.3. Material and methods 
7.4. Clinical follow-up 
7.5. Histological results 
7.5.1. 3 weeks postoperatively 
7.5.2. 6 weeks postoperatively 
7.5.3. 12 weeks postoperatively 





Preserved allogeneic transplants serving supporting aims have a wide 
range of applications in all fields of modern surgery. These trans-
plants, exercising mechanical functions only, cause very slight or no 
rejection reactions because their protein structures are modified or 
destroyed during the preservation process (Schmelzle 1978; Streckbein 
and Lorber 198?; Sailer 1983). 
Several physical and chemical methods (Naujoks et al 1976) have been 
used and detailed clinical and experimental work has been done. Exten-
sive reviews of the literature have been published by Krüger (1964), 
Schmelzle (1978) and Sailer (1983). 
In this study, two of the methods, lyophilization (physical) and pre-
servation in Cialitf (chemical), were chosen for the preservation of 
allogeneic material used to replace the interarticular disc of the 
cranio-mandibular joint in a number of guinea pigs. The results 
obtained by using lyophilized cartilage transplants will be presented 
in this chapter. 
7.2. Lyophilization. 
7.2.1. Principles. 
Lyophilization or freeze-drying is a process during which water is re-
moved from frozen biological material by sublimation under vacuum 
(Sailer 1983). In other words the liquid state is partly omitted and 
the ice in the material is transformed directly into vapour. 
The process begins with the freezing of the material. It continues 
with the drying phase, which ideally should follow immediately (Sailer 
19ЙЗ). Afterwards, the material is vacuum-packed and stored. Rehydra­
tion in distilled water. Ringer's solution, physiologic saline or glu­
cose solution must take place prior to use. 
Two physical principles are important for the drying process; 
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1. Water below the triple point* sublimates from the solid to the 
gaseous phase without going through the liquid one. Sublimation is 
an endothermic process and therefore heat has to be added, but 
only to the extent that the frozen water of the tissue does not 
melt. 
2. Below the triple point the solid water continues to evaporate till 
a state of equilibrium has been reached between the water mole-
cules of the frozen material and the gaseous phase. If one removes 
the water vapour, the ice retained in the frozen piece is 
gradually removed. The residual water in the tissue accounts for 
2-4% of its dry weight (Sailer 1983). If further reduction of the 
water content is desirable, the process is continued normally at 
temperatures above the freezing point. 
7.2.2. Method. 
Five female adult guinea pigs were used for the harvesting of the 
transplants. Under general anaesthesia, local analgesia, and aseptic 
conditions, a curvilinear incision was made at the caudal side of the 
right and the left ear respectively. A piece of auricular cartilage 
was removed as described in Chapter 6 and was placed immediately in a 
small, sterile glass vessel with a special plastic cap and this was 
further placed in a bigger vessel containing solid CO2 (temp. 
-WO. 
As soon as the planned number had been removed, the big vessel was 
transported to the freeze-dryer (Christ, Delta 1, Aichach, Oberbern-
bach, West Germany), and all the smaller vessels were placed therein. 
The initial temperature of the apparatus was -40oC and the pressure 
10~' Torr, thus far below the triple point. The vapour was removed 
and within 12 hours the temperature was raised to 0oC. At the end of 
*The triple point of a substance is the non-varying point at which 
at a certain temperature and pressure the three phases of that sub-
stance are in equilibrium. For water the triple point is at +0.008oC 
and 4.6 Torr. 
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the process, the vessels were vacuum packed and stored. 
The animals were treated postoperatively in the manner described in 
Chapter 2. 
7.3. Material and methods. 
Six young adult female albino guinea pigs, other than the ones used 
for the harvesting of the transplants, were used. Under general 
anaesthesia and local analgesia, the right cranio-mandibular joint was 
approached and the interarticular disc was removed as described in 
Chapter 5. In the meantime a lyophilized piece of cartilage was placed 
in ca. 20 ml. sterile physiologic saline solution, to which 500 mg. 
Penbritin" (Penicillin-Beecham Pharma, Amstelveen, The Netherlands) 
had been added, for 15 min. After the articular disc had been removed, 
the piece of cartilage was cut to shape and interposed between condyle 
and fossa. It was fixed medio-caudally and medio-rostrally with 
nonabsorbable Prolene" 6-0 sutures (Ethicon GmbH, Norderstedt, West 
Germany) to the surrounding soft tissues. After thorough haemostasis, 
the wound was rinsed with physiologic saline, the capsule was closed 
and the zygomaticosquamosal arch was reduced and fixed. The wound was 
closed in layers. Postoperatively, the animals received analgesics and 
antibiotics. After having been followed for three weeks (two animals), 
six weeks (two animals), twelve weeks (one animal) and twenty-four 
weeks (one animal), they were sacrificed and sagittal serial sections 
were prepared as described in Chapter 2. 
7.4. Clinical follow-up« 
All the animals were closely followed every day during the postopera-
tive period. The wound of one animal became dehiscent at the end of 
the second postoperative week. It was cleaned twice a day and was co-
vered with TerramycineR (Pfizer S.A., Brussels, Belgium) for three 
weeks till the wound had healed completely. 
Five of the six animals lost some weight in the early postoperative 
period. Four of them regained the lost weight, whereas one, the one 
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with the wound dehiscence, kept on emaciating till it was sacrificed 
(Illustr.V and tables 19 and 20). 
The mouthopening decreased postoperatively (?05ί) and returned to al­
most the preoperative values in all animals after the end of the se­
cond postoperative week (Illustr.V and tables 21 and 22). 
No asymmetries of the incisors were seen. No animal developed "slob­
bers". 
7.5. Histological results. 
7.5.1. 3 weeks postoperatively. (Fig. 7.1). 
Transplant; In one of the joints, the rims of the transplant had been 
incorporated into the capsule and surrounding soft tissues, but its 
central part was absent. In the other, it was somewhat laterally dis­
placed. The joint space contained a slight amount of exudate. There 
were no signs of inflammation present. Both transplants were covered 
by a thin layer of young fibrous connective tissue (Fig. 7.2). The se­
cond one showed marked resorption signs at several sites. The lost 
tissue had been replaced by young fibrous connective tissue (Fig. 
7.3). 
Condyle; The outline was rather normal. The connective tissue layer 
was focally absent and had been replaced by an acellular layer. The 
undifferentiated mesenchyme layer in the central part was not continu­
ous. The cartilage layer showed a slight hyperplasia. The cartilage-
bone boundary was clearly defined and the underlying bone had a normal 
structure. 
Capsule; The inner synovial, as well as the outer layer, showed a 
marked hypercellularity. Between them, at several sites there was a 
newly formed cellular layer (Fig. 7.4). Furthermore, the synovial 
layer showed proliferative growth along the rostral and caudal end of 
the transplants with many newly formed vessels (Fig. 7.5). A few 
scattered inflammatory cells were seen in one of the joints. 
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Fossa: All layers of the articular cartilage and the underlying bone 
showed a normal appearance. 
Control side: They both had a normal structure. 
7.5.2. 6 weeks postoperatively. 
Transplant: In both animals it was somewhat laterally displaced. No 
inflammatory signs could be seen. Both transplants showed extensive 
resorption and replacement by young fibrous connective tissue, which 
followed the shape of the original transplant and was clearly separat-
ed from condyle and fossa. The transplant "remnants" were surrounded 
by a young fibrous connective tissue layer. 
Condyle: Its outline was rather regular in both animals. The central 
part of the connective tissue layer had been replaced by an acellular 
layer, the caudal and rostral parts being normal. The undifferentiated 
mesenchyme layer was not continuous forming islands. Mature cell 
forms resembling young cartilage were seen. The cartilage layer showed 
a slight hyperplasia rostrally. The cartilage-bone boundary was well 
defined. The underlying bone had a normal appearance, with one of the 
animals showing mild inflammatory signs. 
Capsule: The inner synovial, as well as the outer layer, showed a 
marked hypercellularity. The outer layer was highly vascularized. 
There was a proliferation especially of the inner synovial layer 
towards the centre of the joint space. One of the animals showed mild 
inflammatory signs. 
Fossa: Parts of the connective tissue layer had been replaced by an 
acellular layer. The undifferentiated mesenchyme layer and the carti-
lage layer were rather thin. The cartilage-bone boundary was well de-
fined. One of the animals showed a slight osteoclastic resorption and 
mild inflammatory signs in the underlying bone, whereas the bone of 
the other animal had a normal appearance. 
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Graphic illustration showing the development of the 
relative weight and mouthopening of the animals whose 
disc was replaced by lyophilized allogeneic auricular 
cartilage transplants. 
A. Low power photomicrograph showing the rather normal 
outline of the condyle, the slight hyperplasia of the 
condylar cartilage layer and the almost normal structure 
of the fossa (H = Hyperplasia). H & Ε, χ 16. 
B. The hyperplasia of the condylar cartilage layer in de­
tail. Η & Ε, χ 65. 
C. The microscopic appearance of the fossa in detail. H A 
Ε, χ 65. 
The transplants were covered by a fibrous connective tis­
sue sheath (CT = Connective Tissue, Τ = Transplant, С = 
Condyle). Η 4 Ε, χ 65. 
High power photomicrograph showing marked resorption of 
transplant. Η 4 Ε, χ 160. 
Photomicrograph showing newly formed intermediate layer 
between the inner synovial and the outer layer of the 
capsule (IL = Intermediate Layer). Η 4 Ε, χ 65. 
Photomicrograph showing a proliferative growth of the 
synovia along the transplant. Blood vessels are indicated 





Control side: They both had a normal appearance. 
7.5.3. 1? weeks postoperatively (Fiq. 7.6). 
Transplant: The caudal fragment of the transplant could not be identi-
fied. The rostral part had been united with the capsule. There was 
marked resorption and replacement by young fibrous connective tissue 
and cartilage formation. 
Condyle: The outline was rather normal. The central part of the super-
ficial connective tissue layer had been replaced by an acellular 
layer. The undifferentiated mesenchyme layer formed islands. The car-
tilage layer showed a very slight hyperplasia rostrally, the rest of 
it having a normal structure. The cartilage-bone boundary was clearly 
defined. The underlying bone had a normal appearance. 
Capsule: The inner synovial and the outer layer were hypercellular and 
highly vascularized. A proliferation of the inner layer into the joint 
space could be observed (Fig. 7.7). It had partly surrounded the 
transplant and had filled up its resorption sites. 
Fossa: The central part of the connective tissue layer had been re-
placed by an acellular layer, the rostral and caudal part being 
normal. The undifferentiated mesenchyme layer formed islands. The 
cartilage layer consisted of scattered chondrocytes. The cartilage-
bone boundary was clearly defined. The underlying bone had a normal 
structure. 
Control side: It had a normal structure. 
7.5.4. ?A weeks postoperatively (Fig. 7.8). 
Transplant: A part of it could be observed caudally (Fig. 7.8). The 
rest had been resorbed and had been entirely replaced by young fibrous 
connective tissue completely separated from the surface of the condyle 
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and the fossa. Newly formed cartilage was observed at the rostral part 
of the "new structure" (Fig. 7.10). 
Condyle: The outline was normal. The superficial connective tissue 
layer was almost intact. The undifferentiated mesenchyme layer was 
continuous, having Formed only two to three cell islands in the centre 
of the condyle. The cartilage layer was practically normal. The carti-
laqe-bone boundary was clearly defined. The underlying bone had a nor-
mal appearance. 
Capsule: The inner synovial and the outer layer were hypercellular and 
highly vascularized. The caudal one-third of the "newly formed struc-
ture" was covered by synovia cranially and ventrally (Fig. 7.9). 
Fossa: The connective tissue layer was intact and showed a slight hy-
perplasia. The undifferentiated mesenchyme layer was normal. The car-
tilage consisted of scattered chondrocytes. The cartilage-bone boun-
dary was well defined. The underlying bone had a normal appearance. 
Control side: It had a normal appearance. 
7.6. Discussion. 
The harvesting of autoqeneic cartilage transplants requires the crea-
tion of a donor-site with additional discomfort and a higher risk of 
infection. 
Fresh allogeneic transplants are not always available. Furthermore, 
allogeneic cartilage possesses, although they are very low, antigenic 
features (Störig 197?; Feenstra 1977; Streckbein and Lorber 1982). A 
solution to these problems was sought in various methods of preserving 
allogeneic transplants. Numerous physical and chemical methods have 
been used up to now (Naujoks et al 1978). Of the former, 
lyophilization is a well-known, widely applied method, and good 
results have been reported (Streckbein and Lorber 198?; Sailer 1983). 
Lyophilized allogeneic cartilage can be stored for a practically un-
limited period of time at room temperature or even in tropical 
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Connective tissue and cartilage formation around the 
transplant. H 4 Ε, χ 105. 
Proliferation of synovia into the joint space. 
Η & Ε, χ 105. 
A. Low power photomicrograph showing condyle, ingrowth of 
fibrous connective tissue in joint space, transplants 
remnants and the fossa (C = Condyle, FCT = Fibrous Con­
nective Tissue, F = Fossa, Τ = Transplant). 
Η & Ε, χ 28. 
B. More detailed aspect of the structure of the fossa be­
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A. Low power photomicrograph showing part of the trans­
plant being surrounded by synovial tissue. Arrow indi­
cates remnants of resorbed transplant (C = Condyle, FCT = 
Fibrous Connective Tissue, Τ = Transplant, S = Synovia, F 
= Fossa). H & Ε, χ 28. 
B. Detailed aspect of transplant surrounded by synovial 
tissue. Η & Ε, χ 105. 
C. Detailed aspect of remnants of transplant at the 
cranio-caudal side of fibrous connective tissue ingrowth 
indicated by the arrow in Α. Η Α Ε, χ 105. 
A. Rostral aspect of fibrous connective tissue ingrowth. 
The arrows indicate the newly formed cartilage. 
Η & Ε, χ 28. 
B. Detailed aspect of the newly formed cartilage. 
Η & Ε, χ 265. 
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conditions, because it is not temperature-sensitive (Sailer 1983). Its 
antigenicity is very low, as cellular antigens are denaturated during 
the lyophilization process (Streckbein and Lorber 1982). 
Kole (196?) stated that preserved cartilage does not show any tendency 
to warp because it has lost its elasticity. The findings in this chap-
ter confirmed his statement. We believe that this feature was respon-
sible for the fact that the lyophilized transplants were less fre-
quently displaced than the fresh autoqeneic ones. 
Lyophilized cartilage is subjected to a varying degree of resorption. 
This characteristic is considered a disadvantage in reconstructive 
surgery. Wirth (1959) believes that the degree of resorption is high, 
whereas Kole (1962) and Sailer (1983) found that the resorption which 
takes place is rather limited. All three aforementioned authors used 
lyophilized allogeneic cartilage for reconstructive purposes in the 
facial area. Sailer (1983) found that the larger the surface area of 
the transplant, the greater is the resorption. Furthermore, he found 
that an intact cartilage surface represents a good carrier for the 
host connective tissue. The resorption appears to be less marked at 
those cut surfaces covered by a smoothly delimited anatomic structure, 
such as periosteum. 
As mentioned before (Chapter 6), the physicochemical properties of 
cartilage are defined mainly by the properties of its matrix (Freeman 
1973). Lyophilization not only causes death of chondrocytes, but also 
a decrease of glucosaminoglucans (Beck 1976). This possibly contri-
butes to the more extensive resorption of lyophilized cartilage. In 
our study the degree of resorption was marked, in spite of the fact 
that the transplants had basically intact surfaces. All of them were 
thin and had a large surface and could not be covered by smoothly 
delimited anatomic structures, except for the cut edges, which were in 
contact with the capsule. It could be that their shape and the 
increased functional demands accelerated the resorption rate of the 
lyophilized material. 
Young fibrous connective tissue was formed and partly replaced the re-
sorbed cartilage transplants already after 6 weeks. The substitution 
was completed 24 weeks postoperatively. The newly formed substitute 
had the shape of the old disc and was not united with the condyle or 
the fossa separating the joint into an upper and a lower joint space. 
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The synovia was highly cellular and vascularised even 24 weeks after 
the operation. Furthermore, the caudal third of the newly formed 
"disc" was lined by a synovial layer implicating that the synovia was 
responsible for the formation of the fibrous connective tissue. This 
agrees with the findings of Elmer et al (1977) and Ghadially et al 
(1986), who observed regeneration of the meniscus in the knees of rab­
bits, dogs and sheep 6, 12 and 24 weeks respectively after partial or 
total meniscectomy. Both groups of authors regarded the synovia as 
responsible for the regeneration. 
The fact that we did not observe regeneration of the interarticular 
disc after meniscectomy, but indeed after replacing the disc with lyo-
philized allogeneic cartilage, would suggest that the latter served as 
a space retainer and a matrix for the formation of a new "disc". This 
new disc looked very much like the discs of the 2-nranth old guinea 
pigs (Fig. 3.10 and Fig. 7.Θ). At the rostral part, formation of new 
cartilage was observed. This agrees to a certain point with the 
findings of Ghadially et al (1986) who found that the regenerated 
meniscus in the sheep had a morphology similar to fibrocartilage. If 
our animals had lived longer, maybe the new cartilage would have 
formed a bigger part of the "new disc". 
From the above mentioned analysis, one may conclude that the feature 
of lyophilized cartilage to resorb turned out to be an advantage in 
our experiments. 
The regenerated meniscus found by Lufti (1975) in monkeys and by Elmer 
et al (1977) in rabbits and dogs protects the articular surfaces. Our 
findings confirmed their statements. All animals did clinically well 
and the articular components showed either slight or no changes of the 
histological structure due to the protective role of the newly formed 
fibrous "disc", which took over the function of the original inter-
articular disc. 
The inflammatory signs which were seen were mild and were especially 
observed in the joint of the animal with the wound dehiscence. 
Summing up, we can partly answer questions 3, 4 and 5 of the first 
Chapter: 
3. Lyophilized allogeneic cartilage transplants interposed in cranio-
mandibular joints of guinea pigs have a slight tendency to get 
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displaced and show an extensive resorption. Young fibrous connec-
tive tissue replaces the resorbed allogeneic material. Twenty-four 
weeks postoperatively, formation of hyaline cartilage is observed 
therein. 
The transplants protect indirectly, through the formation of a new 
fibrous "disc", the articular components of the joints. 
The postoperative clinical course of all animals paralleled the 
histological appearance of their joints. 
CHAPTER β 
CialitR preserved allogeneic transplants 
8.1. Introduction 
8.2. Material and methods 
8.3. Clinical follow-up 
8.4. Histological results 
8.4.1. 3 weeks postoperatively 
8.4.2. 6 weeks postoperatively 
8.4.3. 12 weeks postoperatively 




Preservation of allogeneic transplants in Cialit" (?-Aethylmercuri-
mercapto-Bezoxazol-5 carbon acid Sodium in Aqua bidest. - a mercury 
salt) is a chemical conservation method, as mentioned in Chapter 6. 
Organic mercury compounds in the form of Merthiolate have been used, 
according to Schmelzle (1978), for the first by Morgan et al in 1933 
for the preservation of allogeneic material. Since then a number of 
authors (Schmelzle 1978) have used Merthiolate in order to preserve 
various tissues such as cartilage, bone, fascia, tendon, nerve and 
dura mater. Cialit" has gained wider application, since it was first 
used by Hauberg and Bruckschen (1954), because it is less toxic and 
more resistant to physical decomposition than Merthiolate (Schmelzle 
1978). 
In this chapter, the clinical and histological results which were ob-
tained after replacing the disc of the craniomandibular joint of the 
guinea pig with allogeneic transplants preserved in Cialit" will be 
presented. 
8.2 Material and methods. 
Five adult guinea pigs were used for the harvesting of the trans-
plants. Under general anaesthesia, local analgesia, and aseptic condi-
tions, 10 allogeneic auricular transplants were harvested from the 
animals' right and left ears in the way described in Chapters 6 and 
7. They were placed in sterile, glass vessels containing Sml.Cialit" 
solution 1:2000 (1gr. Cialitpowder in 2000ml. Aqua bidest.), which was 
prepared at the University Hospital's pharmacy according to the in-
structions given by Schmelzle (1978). The solution filled up the en-
tire vessels. All of them were then stored in a dark room. They re-
mained there at least four weeks before being used. Ten hours before 
use, each one of them was placed in one liter sterile physiologic 
saline in order to wash out the free, not the chemically bound, 
CialitR. 
Six other young adult albino guinea pigs were used for the main exper-
iment. Under general anaesthesia and local analgesia, the disc of the 
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right cranio-mandibular joint was removed as described in Chapter 5. 
An allogeneic Cialit" transplant was cut to shape and interposed be­
tween condyle and fossa. It was fixed as described in Chapters 6 and 
7. The capsule was sutured, the arch was reduced, and the wound was 
closed in layers. All animals received the postoperative care de­
scribed in Chapter ?. 
After having been followed for 3 weeks (two animals), 6 weeks (two 
animals), 12 weeks (one animal) and ?4 weeks (one animal), they were 
sacrificed and sagittal serial sections were prepared for the histolo­
gical evaluation. 
Θ.3. Clinical follow-up. 
All the animals were closely followed every day during the postopera­
tive period. No infection occurred in any one of them. Their weight, 
mouthopening and incisai length are listed in Tables 16, 17 and 18. 
Three animals showed a slight and three a moderate weight decrease 
postoperatively. All of the former regained the lost weight and 
reached a higher value than the preoperative one 2 to 3 weeks post­
operatively. One of the latter fattened, but did not reach the pre­
operative value because it was sacrificed, according to plan, 3 weeks 
after operation. The two others surpassed their initial weight 5 to 6 
weeks postoperatively (Illustr.VI and tables 19 and 20). 
From the postoperative measurements, one can see that the post­
operative mouthopening of all animals showed a slight to moderate 
decrease (20%). A partial recovery was seen thereafter (Illustr.VI and 
tables 21 and 22). 
Two animals showed a slight deviation of the mouth towards the operat­
ed side during mouthopening. 
No animal developed "slobbers". One animal presented a slight tran­
sient asymmetry of the incisors, which it corrected by grinding. 
8.4. Histological resulta. 
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θ.4.1. 3 weeks postoperatively (Fig. 8.1). 
Transplant; One of transplants was displaced laterally, the other had 
remained in situ, but had been torn down and fragments were found in 
the joint space. Furthermore, a moderate amount of exudate could be 
seen. Roth were surrounded by a partly cellular and partly acellular 
fibrous connective tissue layer with polymorphonuclear leucocytes and 
lymphocytes, evidence of inflammation. Furthermore focal necrosis 
could be seen. Both transplants showed sites of marked resorption. 
Condyle: The outline was irregular. The superficial connective tissue 
layer had vanished. An acellular fibrous layer with focal necrosis 
covered the condyle. The undifferentiated mesenchyme layer was com­
pletely disarranged. It was focally acellular, other sites showing 
formation of cell islands and others showing formation of cell rows. 
The cartilage layer showed a disarrangment too, being focally absent 
and at other sites hyperplastic. The cartilage-bone boundary was 
ill-defined. The underlying compact bone had vanished and the spongy 
bone showed extensive remodelling with osteoclastic resorption, 
apposition and no haematopoiesis. 
Capsule: The inner synovial, as well as the outer layer, showed marked 
hyperplasia and were highly vascularised. Marked inflammatory signs 
were seen. 
Fossa: The connective tissue layer had degenerated. The fossa was 
covered with a fibrous layer acellular to a great extent with a few 
fibroblasts scattered here and there. The undifferentiated mesenchyme 
and the cartilage layer showed a moderate disturbance of their micro­
scopic structure, milder than that of the condyle though, and the 
cartilage-bone boundary was rather well-defined. In one of the 
animals, the underlying bone showed the reactive changes of the 
condyle, to a lesser extent though. The other one showed a normal 
appearance. 
Control side: They both showed a normal aspect. 
-114 -
I Graphic illustration showing the development of the 
relative weight and mouthopening of the animals whose 
disc was replaced by Cialit^-preserved allogeneic 
auricular cartilage transplants. 
.1. A. Low power photomicrograph showing condyle, fragmented 
transplant and fossa. The cartilage layer of the condyle 
is hyperplastic (H = Hyperplasia). H 4 Ε, χ 16. 
B. Photomicrograph showing the transplant worn down and 
focal necrosis (N = Necrosis). Η & Ε, χ 28. 
C. Detailed aspect of the transplant surrounded by necro­
tic tissue (T = Transplant, N = Necrosis). 
Η 4 Ε, χ 65. 
D. Detailed aspect of the condyle and the joint space. 
The acellular layer covering the surface of the former 
with focal necrosis and the exudate in the latter can be 
seen (T = Transplant, N = Necrosis, E = Exudate). 
Η Α Ε, χ 65. 
E. Detailed aspect of the microscopic appearance of the 
fossa and the cranial aspect of the transplant (T = 
Transplant, N = Necrosis). Η 4 Ε, χ 65. 
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8.4.2. 6 weeks postoperatively (Fig. 8.2). 
Transplant; Both were somewhat laterally displaced, fragmented and 
surrounded by a fibrous connective tissue layer with marked signs of 
inflammation (Fig. 8.3). Both showed extensive resorption. In one of 
the joints, bone resorption could be observed at the rostral site, 
where the transplant was united with the condyle by the surrounding 
fibrous connective tissue. A newly formed irregular cellular fibrous 
connective tissue with signs of inflammation was seen in the joint 
space. It was focally united with the condyle and/or the fossa. 
Furthermore remnants of exudate were seen in the joint space. 
Condyle; The outline was rather regular. The connective tissue and a 
big part of the undifferentiated mesencyme layer had degenerated. An 
acellular layer with necrosis had replaced them. The cartilage was 
hyperplastic at certain sites showing a marked atrophy at others. The 
cartilage-bone boundary was not well defined. The underlying bone 
showed mild resorptive signs. 
Capsule; The inner svnovial, as well as the outer layer, showed a 
marked hypercellularity and were highly vascularised. Moderate in-
flammatory signs could be observed. Especially the inner layer showed 
a marked proliferation and seemed to be continous with the newly 
formed tissue occupying parts of the joint space (Fig. 8.4). Formation 
of fibrocartilage was seen rostrally between the synovia and the newly 
formed tissue. 
Fossa: The superficial connective tissue and the undifferentiated 
mesenchyme layer had degenerated and only necrotisinq remnants thereof 
were seen rostrally. The fossa was covered by a fibrous layer being 
focally cellular. The cartilage layer was hyperplastic in one joint 
and had completely atrophied in the other. The cartilage-bone boundary 
was not well defined. The underlying bone showed a rather normal 
aspect. 
Control side; Both had a normal appearance. 
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θ.4.3. 12 weeks postoperatively. 
Transplant: The transplant had not been displaced, but only the caudal 
part was still intact. It was surrounded by a fibrous connective tis­
sue layer with hardly any inflammatory signs. Small fragments also 
surrounded by fibrous connective tissue could be identified here and 
there with signs of marked resorption. 
Here too, an irregular newly formed fibrous tissue could be seen. It 
was united with the fossa and not with the condyle and occupied part 
of the joint space. 
Condyle: The outline was rather irregular. The superficial connective 
tissue layer had been replaced by an acellular layer. The undifferen­
tiated mesenchyme layer was only focally present forming small cell 
islands. The cartilage layer showed a moderate atrophy. The chondro­
cytes still present formed clusters. The cartilage-bone boundary was 
clearly defined. The underlying bone showed no abnormalities. 
Capsule: Both layers showed a moderate hyperplasia and especially the 
synovial layer showed proliferation towards the amorphous fibrous tis­
sue, which occupied the joint space. 
Fossa: The superficial connective tissue layer was only focally pre­
sent. The rest had been replaced by an acellular layer. The undif­
ferentiated mesenchyme was only caudally and rostrally present. The 
cartilage layer showed rostrally a moderate hyperplasia. The rostral 
half of the cartilage-bone boundary was ill defined, the caudal being 
well defined. The underlying bone showed areas of resorption and new 
bone formation. 
Control side: It had a normal appearance. 
8.4.4. 24 weeks postoperatively (Fig. 8.5). 
Transplant: Only the caudal part was still present covered with a thin 
layer of fibrous connective tissue. There were no inflammatory signs. 
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A. Low power photomicrograph showing the condyle, the 
joint apace and the fossa. The hyperplastic cartilage 
layer of both articular components is clearly distin­
guished (H = Hyperplasia). Η 4 Ε, χ 16. 
B. Caudal aspect and 
C. Rostral aspect of joint space with amorphous newly 
formed fibrous connective tissue partly united with the 
fossa and the condyle. Η 4 Ε, χ 65. 
Photomicrograph showing signs of marked inflammation 
around the transplant. Η 4 Ε, χ 65. 
Photomicrograph showing continuity of synovia with in­
growth occupying parts of the joint space. Η 4 Ε, χ 65. 
A. Photomicrograph showing irregular fibrous connective 
tissue ingrowth occupying the joint space. It is united 
with the fossa. The arrow indicates the union (C = 
Condyle, FCT = Fibrous Connective Tissue, F - Fossa). 
H 4 Ε, χ 16. 
B. Detailed aspect of the area indicated by the arrow in 
Α. Η 4 Ε, χ 65. 
C. The same picture as in B. after having used 
polarization microscope, χ 65. 
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The part of the transplant which was still present showed marked re-
sorption. The joint space was occupied by an amorphous newly formed 
fibrous tissue rich in intercellular matrix containing thin collagen 
fibers. It was continuous with the synovia and united with the fossa. 
Condyle; The outline was rather regular. The connective tissue layer 
was missing and had been replaced by an acellular layer. The undif-
ferentiated mesenchyme layer consisted of more mature cells then nor-
mal. The cartilage layer had atrophied. The bone boundary was rather 
well defined. The underlying bone showed no evident changes. Several 
osteoclasts could be seen in the spongy layer. 
Capsule: Both layers were hypercellular and highly vascularised. The 
caudal synovia was continuous with the amorphous substance occupying 
the joint space. There was no fat present caudally. That part of the 
capsule showing a sort remodelling. 
Fossa: The superficial connective tissue and the undifferentiated 
mesenchyme layer were missing and had been replaced by an acellular 
substance. This formed an uneven, irregular surface showing pitting. 
It was focally united with the amorphous substance occupying the joint 
space. The rostral parts of the cartilage layer was hyperplastic with 
a markedly abnormal arrangement of the chondrocytes. The rostral part 
of the cartilage-bone boundary was ill defined, the caudal being nor-
mal. The underlying bone showed no abnormallities. 
Control side: It showed no abnormalities. 
B.5. Discussion. 
The use of mercury compounds for the preservation of allogeneic tis-
sues has been repeatedly reported in several publications. Schmelzle 
published in 1978 an extensive review of the related literature. 
CialitR is superior to Merthiolate, because it is less poisonous and 
more resistant to physical decomposition. The contact with air should 
be avoided though, as it binds with CO2 and becomes inactive. Fur-
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thermore, Cialit" should be kept in dark places because exposure to 
sunlight causes a dark staining of the solution and the preserved tis-
sues, the latter becoming useless (Schmelzle 1978). The entire trans-
plant should be covered with Cialit" because otherwise the uncovered 
part desiccates. 
The chemical preservation process is regarded as complete when all the 
Thio-radicals of the transplant proteins have formed a mercury heavy 
metal compound (Schmelzle 1978). This sparsely soluble metal-salt 
compound causes a despecification of the donors' proteins and 
therefore the host does not consider them as a foreign body. No forma-
tion of transplantation antibodies takes place and the transplant is 
not immunologically destructed (Schmelzle 1978). With regard to this 
aspect, Schmelzle (1978) believes that maximally after seven days the 
preservation process is completed. 
According to the same author, the tissue pieces should remain at least 
for 4 weeks in Cialit" for bacteriologie reasons. The latter namely 
posesses bactericidal gualities and he believes that a minimum 
concentration of 1:2000 (1gr Cialit powder /2000ml Aqua bidest.) 
guarantees a reliable bactericidity. Other authors, though, use lower 
concentrations (1:5000) (Eitschberger et al 1977; Naujoks et al 1978) 
because they are less toxic. .In any case, the Cialit^-preserved 
tissue has to be washed in sterile physiologic saline prior to use so 
that the free Cialit" can be removed. Schmelzle (1978) advises 6-10 
hours for cartilage transplants. The remaining chemically bound 
Cialit" is sparsely soluble and not toxic (Schmelzle 1978). 
In our study, we observed a marked reaction of the host against the 
Cialit"-preserved allogeneic transplants, although the solution was 
prepared according to the instructions of Schmelzle (1978). A possible 
explanation could be that the concentration (1:2000) is toxic for the 
purpose needed. The reactive changes decreased as time passed by and 
after 24 weeks they had almost disappeared. 
The tranplants were displaced to a much lesser extent than the autoge-
neic ones. They all showed marked resorption. This is in agreement 
with findings of other authors (Krüger 1964; Eitschberger et al 1977; 
Schmelzle 1978). Amorphous fibrous connective tissue replaced the 
resorbed transplants. This seemed to originate from the synovia. The 
same phenomenon was observed by Eitschberger et al (1977) after fill-
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ing bulla defects with CialitR-preserved allogeneic elastic carti-
lage transplants in guinea pigs. The same authors observed ossifica-
tion of CialitR-preserved allogeneic hyaline cartilage which they 
used for the same purpose. They attributed the different reaction to 
the specific structure of the two types of cartilage. 
The newly formed connective tissue was, in two animals, united with 
the surface of the fossa and in one with the condyle and the fossa, 
giving microscopically the impression that a fibrous ankylosis had 
developed.The postoperative decrease of the animals' mouthopening, 
however, was slight. This, at first sight bizarre finding, should not 
directly surprise, if one considers the fact that half of the discs of 
the normal control animals and the control sides of the operated 
animals were united with fossa and/or condyle, the mouthopening of 
these animals being normal. 
Both articular components showed marked degenerative changes. These 
should be attributed either to the marked reactive changes against the 
transplants, which occurred and influenced the entire joint or to the 
altered pressure conditions in the joint, because of the interposition 
of the amorphous substance in the joint space. This resulted in a poor 
nutritive state and, due to the latter, the articular cartilage of the 
fossa and the condyle atrophied, degenerated or became focally hyper-
plastic. 
All animals did clinically rather well. One would not have expected 
this, considering the gross structural changes which occurred in their 
joints. So this group, too, did not show a direct relation between the 
clinical findings and the histological appearance of the joints. 
Summarizing, we can partly answer questions 3,4, and 5 of the first 
Chapter: 
3. The allogeneic transplants which had been preserved in Cialit^ 
almost completely resorbed after having been interposed between 
condyle and fossa. They were replaced by an irregularly arranged 
fibrous connective tissue which occupied most of/or the entire 
joint space. 
4. The condyle, as well as the fossa, showed marked degenerative 
changes. Marked inflammatory signs were seen throughout the 
joints, but subsided ?4 weeks after operation. 
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5. The clinical findings did not correlate with the histological re-
sults. The animals did rather well, whereas their joints showed 
extensive degenerative alterations. 

CHAPTER 9 
Comparison of the various groups 
9.1. Discussion of the experimental 
results. 
9.2. Answers to the questions posed 




9.1. Discusaion of the experimental results. 
The effect of meniscectomy on the articular components of the cranio-
mandibular joint has been studied in various animals. All authors, no 
matter what the aim of their investigation was, observed that degen-
erative changes resulted after the removal of the interarticular disc 
(Lit. see Chapter 1). 
We performed meniscectomies too, in order to establish our own stand-
ards. Our findings agree with those of the previous authors, although 
we used a different experimental animal, the guinea pig, which, as far 
as the wound healing is concerned, has similar qualities to the human 
(Schubert and Hamerman 196B). This finding would enforce the 
assumption that similar changes might occur in human joints after 
meniscectomy. Based on the experimental information, one has to 
condemn this method because of its negative effects on the components 
of the joints. 
It is a logical consequence that one should look for a different 
method, the replacement of the removed piece of tissue, in order to 
solve the problem when extirpation of the disc is indicated. 
It is quite amazing that the only publication we could find which, in 
away, deals with the problem is the one by Timmis et al (1986). These 
authors used reinforced silicone and polytetrafluoroethylene-aluminum 
oxide (PTFE-AI2O3) implants. Fragmentation of the implants, for-
eign body giant cell reactions resulting in a thickened capsule and 
resorption of the condyle and the fossa were seen in the silicone 
group. Tearing of half of the implants, foreign body giant cell reac-
tion increasing with time, marked osteoclastic activity with resorp-
tion and severe degenerative changes in both the condyle and the 
glenoid fossa were seen in the PTFE-AI2O3 group. As one can see, 
the results were not that hopeful. Nevertheless the authors concluded 
that further evaluation of these materials as disc replacements in 
humans is needed (Timmis et al 1986). 
For reasons which have already been analyzed in Chapters 6,7 and 8, we 
decided to replace the disc with autogeneic and preserved allogeneic 
cartilage transplants. 
When we commenced this study, we planned to sacrifice the last animals 
of each group 1? weeks postoperatively, based on the observations of 
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Krüger (1964), who stated that the changes seen in transplanted fresh 
autogeneic cartilage in subcutaneous fat tissue in rabbits were the 
same after 3 and after 19 months. Therefore our controls and the ani-
mals which underwent the sham operation were followed for 1? weeks. 
When we sacrificed the first meniscectomized animal 3 months postoper-
atively though, we observed changes still going on. We then decided to 
prolong the follow-up period to 6 months. This decision was justified 
by the results obtained. 
Although there are no reliable data pertaining to the guinea pig's 
life span (Cooper and Schiller 1975), the experience of our animal 
laboratory is that the animals live, on an average, for 3-4 years 
(v.d.Gulden 1981). The survival period of 6 months which we 
maintained thus, seemed to be a considerable one, compared to their 
total life span, for the evaluation of the long-term effects of the 
various procedures. 
In Chapter 2 the parameters used during clinical follow-up and their 
disadvantages were analyzed. All animals lost some weight during the 
early postoperative period. This was probably due to the operative 
stress and the difficult prehension because of the wound in the joint. 
As soon as they recovered, they all started regaining weight and 
reached or surpassed the preoperative values 2-6 weeks after the oper-
ation. They kept emaciating only if something extraordinary, like the 
development of "slobbers" or the dehiscence of a wound, took place. 
The mouthopening of all animals decreased directly after the surgical 
procedure, due to discomfort in the operated joint. The decrease was 
most marked in the meniscectomy group and least marked in the group 
with the lyophilized allogeneic transplants. 
The response curves were compared between the various groups. The com-
parison was done separately over the periods 1-3 weeks and 4-6 weeks 
for the absolute and relative values of weight and mouthopening. Sta-
tistical comparison for the period after 6 weeks was meaningless 
because of the small number of animals. The p-values resulting from 





















































Based on the above p-values we can make the following statements: 
1. The sham operation had no significant effect on the weight and the 
mouthopening. 
2. Meniscectomy reduced the mouthopening without recovery. 
3. Replacement of the disc resulted in a wider mouthopening compared 
to no replacement. 
4. Replacement with lyophilized cartilage resulted in a more rapid 
recovery of the mouthopening compared to replacement with Cialit" 
cartilage. 
5. Allogeneic was egual (CialitR) to or better (lyophilized) than 
autogeneic replacement with regard to the recovery of the mouth-
opening. 
Some animals from different groups developed an asymmetry of the inci-
sors which they corrected by grinding. The incidence was higher in the 
meniscectomy group. Only one animal developed "slobbers" and this be-
longed to the sham group. The meniscectomy group had the most animals 
(three) with a slight deviation of the mandible towards the operated 
side during mouthopening. 
Two animals of the same group sacrificed at the same time occasionally 
presented differences in the microscopic appearance of the joints. 
This we saw in various pairs. The differences, however, were small, 
the overall picture being alike. They could be attributed to the 
individual character of each animal and minor variations in the 
surgical procedure. 
Degenerative changes occurred not only in the meniscectomized, but in 
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the animals whose disc had been replaced, too. They were, by far, 
milder though, than the former. In the joints where the articular 
components were covered with autogeneic transplants, slight or no 
changes were seen. Structural alterations were only observed in the 
parts which, due to displacement or folding of the transplant, had 
remained uncovered. Considering the overall picture, however, the 
mildest changes were seen in the joints whose disc had been replaced 
by lyophilized allogeneic transplants. These had a transient character 
and could hardly be identified 24 weeks postoperatively, when the 
formation of the new fibrous connective disc had been completed (Fig. 
7.8).This had an aspect similar to that of the disc in the ?-month old 
guinea pigs (Fig. 3.10). As mentioned in Chapter 7, if the animal had 
lived longer, the formation of hyaline cartilage in the fibrous con-
nective tissue might have been more extensive. 
It appeared that the "new disc" originated from the synovial layer. 
The synovia was also claimed to be the origin of the regenerated 
meniscus in the knee joint (Elmer et al 1977; Heatley 1980; Ghadially 
et al 1986). It is worth noting that although the synovia showed a 
marked hypercellularity after meniscectomy of the craniomandibular 
joint, the removed disc did not regenerate. Formation of an amorphous 
fibrous connective tissue structure, which occupied the joint space, 
was also seen after interposition of Cialit" transplants. The above 
mentioned fact suggests that the synovia has regenerating capacities, 
but formation of a new structure occupying part or the whole joint 
space takes place only in the presence of a "matrix". The lyophilized 
transplants played this role in the best way. 
The superficial connective tissue layer of the condyle and fossa 
degenerated and was replaced by an acellular layer, to a lesser or 
greater extent, in nearly all the animals. The only one whose 
articular components were covered by a normal cellular connective 
tissue layer was the animal whose disc had been replaced with 
lyophilized cartilage and which was sacrificed 24 weeks 
postoperatively. This finding suggests that the pressure and nutritive 
conditions in the joint had been restored to normal, allowing 
regeneration of the cells either from caudal or rostral remnants or 
from the undifferentiated mesenchyme (Silva and Hart 1967). 
The emphasis of this study was placed more on the comparison of the 
- 131 -
results achieved with various methods. The number oF animals used per 
group was small. ThereFore a detailed description oF the sequence oF 
the microscopic changes can not be given. For the same reason one 
should be careFul with making statements and drawing conclusions. 
9.2. Answers to the questions posed in Chapter 1. 
Summing up, we can answer the First part oF the questions posed in 
Chapter 1 with regard to all groups. 
1. The interarticular disc oF the craniomandibular joint oF the 
guinea pig does not regenerate aFter its removal as such. 
?. Meniscectomy in the craniomandibular joint oF the guinea pig has a 
detrimental eFFect on the microscopic structure oF the condyle and 
the Fossa. 
3. Autogeneic cartilage transplants harvested From the sternum tend 
to warp, get displaced, remain vital, are covered by a Fibrous 
connective tissue sheath with .extensive hyaline cartilage For-
mation and show hardly any resorption. 
Autogeneic auricular cartilage transplants tend to warp, get dis-
placed, retain their original acellular structure, are covered by 
a Fibrous connective tissue layer with occasionally new cartilage 
Formation and show hardly any resorption. 
The displacement could be reduced or even avoided, iF short post-
operative immobilization oF the joints is used. Further investiga-
tion concerning this point is necessary. 
Allogeneic lyophilized auricular cartilage transplants show a 
minor tendency to warp and get displaced, are covered by a Fibrous 
connective tissue sheath, are subjected to marked resorption and 
are replaced by a new Fibrous connective tissue structure resem-
bling the removed disc with slight Formation oF hyaline cartilage. 
Allogeneic auricular cartilage transplants preserved in Cialit" 
also have a minor tendency to warp and get displaced, cause a 
marked inFlammatory reaction oF the host with evident signs oF 
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necrosis, are covered by a fibrous connective tissue sheath, are 
subjected to marked resorption and are replaced by an amorphous 
fibrous connective tissue rich in intercellular matrix. 
4. The parts of the articular components covered by autogeneic trans-
plants present mild or no changes. The ones which render uncov-
ered, because of displacement or folding of the transplants show 
degenerative changes. These changes become less prominent 24 weeks 
postoperatively. 
The articular components in joints with lyophilized transplants 
show mild transient degenerative changes which can hardly be seen 
24 weeks postoperatively. 
The articular components in joints with transplants preserved in 
CialitR show marked inflammatory and degenerative changes. These 
changes can still be seen 24 weeks postoperatively. 
5. The clinical results in the experimental part of this study sel-
dom correlated with the histological findings, i.e. the clinical 
picture was usually better than the histological. The meniscecto-
mized and those with the Cialit" transplants behaved clinically 
better, whereas the ones with -the sternum transplants worse than 
one would have expected after having studied the microscopical as-
pect of the joints. 
6. The meniscectomized joints showed the gravest aspect. The changes 
which occurred in the Cialit^ group, the most unfavourable of 
the transplant groups, were by far milder than the former. The 
best results were obtained with the lyophilized transplants, the 
appearance of the joints being, in the long run, very close to 
normal. 
9.3. Conclusions. 
From this study one can draw the following conclusions: 
1. The guinea pig is a suitable animal for experiments in the cranio-
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mandibular joint. 
The microscopical anatomy of the joint did not exactly correspond 
with the previously published information. 
Meniscectomy had a disastrous effect on the condyle and the fossa 
of guinea pigs. The removed discus has to be replaced. 
The most beneficial effect of all the transplants used was that 
achieved after insertion of lyophilized allogeneic cartilage 
transplants in the animals' joints. 
Autogeneic sternum cartilage is not advisable as a replacement 
material because of technical reasons. 
Allogeneic auricular cartilage preserved in Cialit" is not 
advisable as a replacement material because of the marked host 
reaction. 
The clinical 'did not always correlate with the histological 
results. 
The experimental procedures performed did not affect the contra-
lateral side. 
The small number of animals does not allow definitive conclusions 
referring to all groups. 

CHAPTER 10 
The replacement of the disc in humans 
10.1. Introduction 
10.2. Review of the literature 






An Oral and Maxillo-facial Surgeon is frequently confronted with the 
problem: "Temporomandibular joint dysfunction". A detailed analysis of 
the epidemiology, clinical picture and diagnostic methodology is 
beyond the scope of the present study. Numerous conservative and sur-
gical therapeutic methods have been applied for the relief of the 
patients' symptoms. Many surgeons have considered the interarticular 
disc and its disorders to be responsible for the symptomatology. They 
chose meniscectomy or discectomy, the removal of the disc, as a 
remedy. Merrill (1986) in an extensive review of the literature con-
cerning temporomandibular joint surgery states: "Excision of the disc 
without the use of implants was the most commonly reported procedure 
from 1900 to 1960 for surgical treatment of the painful TMJ." Others 
though, realizing the disadvantages of the method, and based on ex-
perimental data evidencing a negative effect of this methods on the 
components of the craniomandibular joints of various animals (Sprinz 
1954, 1961; Lekkas 1973: Wheat et al 1977; Yaillen et al 1979), de-
cided to replace the disc with autogeneic transplants or alloplastic 
materials.During the last decade this tendency has grown ( Merrill 
19B6). 
In this chapter, the publications reporting meniscectomy results and 
the ones referring to the replacement of the disc are reviewed. Fur-
thermore, the results obtained in our department after replacement of 
the disc with autogeneic auricular cartilage are analysed and dis-
cussed. 
10.2. Review of the literature. 
Lanz (1909) is the first surgeon who reported the removal of the disc. 
Since then, several authors (see Chapter 1) have published articles on 
the same subject. Most of them, however, either just described the use 
of the method (Pringle 1918; Ashhurst 1921? Lotsch 1928; Wakeley 1948; 
Gerry and Rowan 1954; Middleton 1972 and others) or reported short 
term results (Dingman and Moorman 1951, Kiehn 195?, Brown 1980). 
A few others reported long-term results (control period ranging from 
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3 to 10 years). Silver et al (1956) reported on 44 patients with a 
follow-up period of 5 years without presenting any clinical details. 
They just mentioned that their results were good. Reichenbach and 
Grimm (1960) checked on 48 patients who had undergone meniscectomy. 
85% of the patients were satisfied, but a considerable number produced 
audible sounds, the mandible showed an evident deviation towards the 
operated side during mouthopening and their radiographs frequently 
showed arthrotic changes. Mayer (1964) reported on ?? cases. Fifteen 
patients were satisfied. All of them, however, had a limited mouth-
opening and mandibular range of motion, 9 of them produced sounds 
during mandibular movements and 1 developed a bilateral osseous anky­
losis. Dingman and Constant (1969) reported on 9 patients. Follow-up 
was satisfactory in 8 of the nine patients. Five of the 8 were free of 
pain. Three had a grating sensation and one continued to have snapping 
sensations in the joint. Agerberg and Lundberg (1971) reported on the 
radiographic changes occurring in the joint after meniscectomy. They 
reevaluated 1? patients 2.5 to 5.5 years after operation. Severe 
secondary changes, especially of a productive nature were seen on the 
discectomy side in all cases. Brown (1980) reevaluated 214 patients 
either by telephone review or an office appointment. 40S of the 
patients presented residual symptoms including trismus, sounds and 
pain. Eriksson (19B5) dealed in his thesis with the matter in a more 
detailed way. He reevaluated 21 patients with 26 meniscectomized 
joints. 15 of them were pain-free, 4 had occasional pain associated 
with mandibular movements, 1 had constant strong and 1 constant very 
strong pain. Crepitation was more frequent, the maximal opening and 
the laterotrusion towards the affected side were larger and pain 
during mandibular movements had decreased. Radiological evaluation 
showed structural changes in all joints. Additionally, he reevaluated 
15 patients operated on by Boman (1947) between 1947 and 1960. Two of 
them occasionally suffered pain in the operated joint. All had an 
improved mouthopening, but 11 produced crepitation during movement. 
All operated joints demonstrated structural hard tissue changes. 
The first who probably reported on the replacement of the interarti­
cular disc was Gordon (195Θ). He used polyethylene caps and had good 
results, although a final judgement on the procedure could not be made 
because of the short follow-up. Georgiade (1962) used autogeneic der-
- 139 -
mal grafts in 25 patients. He described the method, but did not report 
results. Hansen and Deshazo (1969) reconstructed the damaged disc with 
Silastic. The results were good 1-3 years postoperatively. Davis and 
Jones (1971) used a Silastic implant without anchoring it. This was 
rapidly displaced and had to be removed. They never repeated this pro­
cedure. Narang and Dixon (1975) used fascia lata combined with arthro­
plasty in two cases. The patients were free of symptoms approximately 
2 years after the procedure. Perko (1973) was the first to mention the 
use of fresh autogeneic auricular cartilage for the replacement of the 
disc. Rudelt (1981) reported on 5 patients, whose disc had been 
replaced with autogeneic auricular cartilage. His clinical results 
were presented together with the results obtained after surgical 
reduction and fixation of the displaced disc. In general, they were 
very satisfactory. Witsenburg and Freihofer (1984), having used auto­
geneic auricular cartilage, saw marked improvement of the symptomato­
logy and function of the joint in 5 out of 7 patients. They stated, 
however, that the follow-up period was too short in order to draw 
definitive conclusions. 
Dolwick and Aufdemorte (19Θ5) had to remove all eight silicone tempo­
romandibular joint implants, which they had placed 2 months to 2,5 
years earlier, because of persisting complaints. They also excised 
tissue in and around the joint. All specimens revealed fragmented, 
amorphous, refractile but nonbirefringent, irregularly spherical 
foreign material consistent with fragmented silicone. Granulomatous 
inflammation and multinucleated giant cells were associated with the 
silicone material. The authors concluded that the biomechanical prop­
erties of silicone are not ideal for use in the TMJ. 
Eriksson and Westesson (1986) used Dacron, reinforced silicone im­
plants, in 27 patients in order to prevent formation of intraarticular 
adhesions after meniscectomy. They removed all implants after 1 to 19 
months postoperatively. At the time of removal, 11 patients showed me­
chanical dysfunction, which was associated with pain in 4 patients. 
All but one of the implants showed wearing facets, and fifteen im­
plants were cracked or perforated. Arthroscopic examination showed ir­
regularities of articular surfaces adjacent to perforated or cracked 
implants. The authors stressed the necessity of an implant remaining 
intact and concluded that a material with mechanical properties 
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superior to those of Dacron, reinforced silicone, would be preferable. 
It is evident that the detailed meniscectomy publications did not re-
port brilliant results. On the other hand, the results obtained with 
the various autogeneic transplants and especially alloplastic implants 
were not very brilliant either or they were short-term. 
10.3. Material «id »ethods. 
Seventeen patients, fifteen women and two men, were operated on ?? 
joints at the Department of Oral and Maxillo-facial Surgery, Universi-
ty Hospital, Nijmegen, between 1980 and 1985 (Table 23). 
The youngest was 20 and the oldest 54 years old with a mean age of 
37.5 years. Nine patients were dentate, five had a mutilated dentition 
and three were edentulous wearing full dentures. 
Twelve patients were operated on one joint and five patients on both. 
From the latter, three patients underwent a simultaneous bilateral 
procedure. The time elapsed between the operations in the other two 
patients was one and five years respectively. 
Five patients had undergone previous temporomandibular joint opera-
tions elsewhere. We had to operate more than once on three of these 
patients. 
The duration of the symptoms at initial examination ranged from 2 
months to 35 years with a mean of 6,1 years. All patients were treated 
conservatively prior to operation. Their occlusion was rehabilitated. 
Physiotherapy, splints, intermaxillary fixation and intraarticular 
steroid injections were among the conservative methods used. 
Twelve patients used analgesics, eight did not sleep well and eight 
were regularly absent from work because of the pain in the joint. 
The left joint was opened (Fig. 10.1) in thirteen cases and the right 
in eight so that the interarticular disc could be removed. Clinically, 
it showed a pathological thickening in eight cases, a deformation in 
seven, a perforation in three, athrophy in one, adhesions in two, dis-
placement in three and extensive destruction in five cases. In one 
case, no evident pathological signs could be identified. 
Autogeneic auricular cartilage was harvested, cut to shape and insert-
ed between condyle and fossa. It was fixed with 4 atraumatic VicrylR 
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Fig. Ю Л А Fig. 10.IB 
Fig. 10.1. A. Left temporal area of a patient just about to undergo 
replacement of the interarticular disc. The incision is 
sketched with Bonney's Blue. 
B. The wound after having been closed in layers. 
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5-0 resorbable sutures (Ethicon, GmbH, Norderstedt, West Germany) 
medially, anteriorly, posteriorly and laterally. The shape and volume 
of the harvested transplant was not satisfactory in three cases. Two 
of them were too small and the consistency of the third was brittle. 
In ten patients a concomittant arthroplasty was performed. 
The discs were sent for macroscopic examination. According to the pa-
thologist's report, 14 discs showed a mucoid degeneration, two a myxo-
mateus degeneration, three an evident oedema, two inflammatory signs, 
one scar tissue and in one specimen fibrosis of the synovia could be 
seen. 
Postoperative intermaxillary fixation was used in ten patients. 
The follow-up period ranged from 1 to 6 years with a mean of ca. 3 
years for the unilaterally operated patients. All patients were re-
evaluated clinically by the same surgeon and radiologically by the 
same radiologist. The way of scoring is listed in Table 24. The 
clinical results were statistically analyzed. The Wilcoxon test 
(paired cases) was used for comparison of the preoperative and 
postoperative values of the mouthopening and the Wilcoxon two-sample 
test for the evaluation of the influence of the intermaxillary 
fixation and the concomitant arthroplasty on the mouthopening. 
10.4. Results. 
The 17 patients were classified into three groups: 
1. The patients who underwent a unilateral procedure (n=12). 
2. The patients who underwent a simultaneous bilateral procedure 
(n=3) and 
3. The patients who underwent a bilateral procedure in two different 
sessions (n=2). 
The postoperative frequency of pain decreased significantly (Table 
25). In 16 patients the symptomatology was improved and in one it re-
mained unaltered. Four patients of the first group still felt some 
- из -
pain. Two patients of the second and third group felt some pain in one 
joint and two in both joints. The pain was associated with mandibular 
movements in all patients. 
The intensity of pain showed a significant decrease. All 17 patients 
noticed an improvement. Five of the patients still had pain which they 
classified as neither strong nor slight and three classified it as 
very slight (Table 75). 
The mouthopening increased significantly in the first group. The mean 
preoperative value was 21.Зтт.(SD=7.0), the mean postoperative 35.4mm. 
(SD=7.5) and the mean difference 14.Iran.(SD=8.0) (p=0.003, Wilcoxon 
test for paired cases). 
The mouthopening of the second group also seemed to have increased. 
The mean preoperative value was 14.3mm.(SD=6.0), the mean postopera­
tive 23.Опт. (S0=2.6) and the mean difference 8.7mm.(SD=4.2). 
The mouthopening of one of the patients of the third group increased 
after the first operation, remained stable till the second and further 
increased thereafter. That of the other patient increased after the 
first procedure, was 3 mm. less before the second procedure and re­
gained the loss thereafter. 
The use of intermaxillary fixation resulted in a significantly 
(p=0.01) larger difference between-pre- and postoperative mouthopening 
(Table 26) in the patients of the first group. 
Concomitant arthroplasty did not have a significant effect (p=0.87) on 
the difference between pre- and postoperative mouthopening (Table 27). 
The small number of the patients of the second and third group did not 
allow statistical evaluation. The individual data are listed in Table 
28. 
Auscultative signs were heard in 21 joints preoperatively. Postopera­
tively only one patient occasionally produced slight crepitus during 
mandibular movements. So one could say that the preoperative joint 
sounds vanished after the operation. 
The protrusion, laterotrusion and the deviation of the mandible at 
maximal opening are listed in Table 25. 
Three of the patients still feeling pain were not satisfied. 
The first patient (no. 3.) having had corticosteroid injections (9 
years earlier) and a high condylectomy (one year earlier) noticed an 
improvement after the replacement of the disc. The pain had decreased, 
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but had not vanished. The function had also improved. A condylectomy 
was performed and during the operation a total adhesion of the 
cartilage transplant to the articular surface of the condyle could be 
seen.According to the pathologist's report the removed transplant 
consisted of vital cartilage with signs of degeneration. 
The second patient (no. 4.) had been suffering for 35 years. She had 
had an obscure inflammation in the area of the left temporomandibular 
joint. After replacement the pain persisted. Condylectomy, removal of 
the transplant and reconstruction with a costochondral graft 
followed.According to the pathologist's report the removed transplant 
consisted of vital cartilage. 
The third patient (no. 8.) had been operated on twice elsewhere. First 
a bilateral meniscectomy had been performed and three years later, 
after development of an ankylosis, an interposition arthroplasty with 
Silastic followed. This had to be removed later on because of severe 
complaints. Four years after the Silastic interposition, the patient 
had again developed an ankylosis. This was operated on and after re-
moval of the bone surplus an auricular transplant was interposed 
between the remaining severely damaged articular components. The pain 
persisted, although this and the function had improved, and a bi-
lateral condylectomy followed.. During operation, the auricular 
cartilage transplant was found to be completely adhered to the ar-
ticular surface of the condyle rudiment. According to the pa-
thologist's report the removed auricular transplant consisted of vital 
cartilage with signs of mucous degeneration. 
The radiological results are not presented here. Pre- and postopera-
tive documentation differed or even if the pre- and postoperative 
documents were the same, they were not standardized. Reliable 
comparison was therefore impossible in several cases. Furthermore, the 
fact that approximately half of the patients had a concomittant 
arthroplasty blurs the results. 
10.5. Discussion. 
Conservative therapy is applied to all patients with a dysfunction of 
the temporomandibular joint. Sometimes it fails because of an exten-
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sive damage and/or an irreversible displacement of the interarticular 
disc. Then surgery is indicated. Various authors have observed in ex-
perimental studies of the temporomandibular and others joints, that 
defects of the interarticular disc do not heal (Sprinz 1961; Ghadially 
et al 1986; Wallace and Laskin 1986). Furthermore, a disc which has 
been displaced for a long time and could not be reduced by conserva-
tive methods, usually is deformed or torn down. Its surgical reduction 
is technically feasible. It is not recommended though, as its 
functional capacity is decreased because of the irreversible 
structural damage (Freihofer 1980). In such cases, the damaged or 
displaced disc has to be removed. 
Meniscectomy has proved a debatable therapeutic method. There is an 
actual trend to replace the disc if its removal is indicated (Merrill 
1986). Even authors who have supported the former in detailed studies 
(Eriksson 1985) state in more recent publications: "In order to sti-
mulate rebuilding of the soft tissue cover of the condyle and temporal 
component and to avoid intra-articular adhesions, the removed disc is 
now usually replaced by an implant" (Eriksson and Westesson 1986). 
The use of autogeneic transplants in small numbers of patients has 
been reported in solitary publications (Georgiade 1962; Perko 1973; 
Narang and Dixon 1975; Rudelt 1981). Alloplastic materials, however, 
and especially silicone have been more widely used (Gordon 1958; 
Hansen and Deshazo 1969; Davis and Jones 1971; Dolwick and Aufdemorte 
1985; Eriksson and Westesson 1986; Merrill 1986; Gundlach et al 1986). 
Some of them did not have satisfactory results, either because the 
mechanical properties (Eriksson and Westesson 1986) or the biological 
properties (Davis and Jones 1971; Dolwick and Aufdemorte 1985) of the 
implants failed. 
Authors studying the effect of silicone implants in other joints 
(Christie et al 1977; Eiken et al 1985), reported unsatisfactory 
results too. It seems that their use, in general, has caused various 
problems, otherwise authors would not publish articles with titles 
like: "Faut-il interdire les silicones?" - Should the silicones be 
forbidden? - (Glicenstein 1987). 
We chose to use an autogeneic material, which beside its biological 
qualities also has, in many cases, a shape resembling that of the 
interarticular disc. It is possible that the shape of the transplant 
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contributed to its minor tendency to warp and thus to the achievement 
of satisfactory clinical results. 
In a preliminary report (Witsenburg and Freihofer 1984), good results 
were reported, but no definitive conclusions were drawn, as the 
follow-up period was short. Three years later, the results remain un-
altered. No patient's situation worsened. 
All patients showed a slight to marked improvement of their symptoms. 
The function also improved in all patients. The use of intermaxillary 
fixation significantly improved their mouthopening, whereas concomi-
tant arthroplasty did not have any effect. 
Three of the cases can be considered as failures. One of them came to 
us with a 35 year old history and an earlier undiagnosed swelling 
around the temporomandibular joint, which we operated on. Did that 
have any effect on the prognosis of the surgical procedure? This will 
remain obscure. 
The other two patients had been operated on their joints before con-
sulting our department. One of them had a meniscectomy and a Silastic 
implant thereafter. She developed an ankylosis. The other had a high 
condylectomy. The mouthopening of both patients was less than 1cm. and 
they both had severe pain. The interpositional arthroplasty improved 
the symptoms and the function. The patients were not satisfied, how-
ever, perhaps because they had expected more from this last operation. 
We believe, that previous operations are a bad prognostic factor. How-
ever , we cannot further comment on this because no other patients pre-
sented the same problem. 
The indication remains a point of discussion. Of course, conservative 
therapy should always be used prior to a surgical intervention. If 
there is no improvement and organic pathology of the disc is diag-
nosed, one could consider the replacement of the pathological disc. 
The clinical symptomatology is not always pathognomonic except for 
cases of acute trauma and closed lock. Auscultative signs could form 
an indication, but cannot be used as the only criterion for the 
removal of the disc. In our experience, surgical inspection of the 
disc does not help in some cases. Disci with macroscopically slight 
pathological signs were removed. According to the pathologist's 
report, though, they showed histological changes. 
It appeared that the age and the edentulous condition did not affect 
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the postoperative result. Joints previously operated on could form a 
contraindication. Anyhow, one should be more careful when setting the 
indication in such cases. The indication for a bilateral operation 
should be set when necessary. One could expect, as it appeared from 
our results, that the behaviour of the most pathological joint defines 
the clinical result in these patients. 
Summarizing, we could state that the indication for surgical interven­
tion should be posed if conservative means have failed and there is 
organic pathology of the interarticular disc. 
10.6. Conclusions. 
1. All patients showed an improvement of the symptoms and the func­
tion of the temporomandibular joint after replacement of the 
interarticular disc with autogeneic auricular cartilage. 
Nevertheless three of the cases can be, under certain 
circumstances, regarded as failures. 
2. The use of intermaxillary fixation attributed to the significant 
increase of the mouthopening. . 
3. It is difficult to compare the results with the few studies having 
reported detailed results and referring either to meniscectomy or 
to the use of alloplastic implants, because the initial situation 
and the criteria of each author were different. Anyhow, after a 
rough comparison, the impression is obtained that the results 
presented in this study are more satisfactory. 
4. The preliminary conclusions of Witsenburg and Freihofer (19Θ4) can 
be confirmed after the evaluation of a larger group of patients 
and a longer follow-up period. 

CHAPTER 11 
Interrelationship between the experimental 






The necessity to help patients with an internal derangement of the 
temporomandibular joint in cases, where conservative therapy failed, 
led us to the clinical application of cartilage transplants. 
Experimental work seemed mandatory in order to support or improve the 
clinical concepts. As no publications pertaining to the subject could 
be found, the set-up of this study was rather extensive. A consequence 
thereof was the use of a small number of animals in each group. The 
results obtained justified the initial set-up. 
From the experimental part it appeared that the healing period was 
longer than one would have expected based on the relevant literature. 
On the other hand the results obtained after using lyophilized carti-
lage transplants were, unexpectedly, the best. Regarding them, one 
should seriously consider the routine clinical use of such 
transplants. In this way a patient suffers less and the infection, 
which was not observed in any of our patients, risk is smaller. 
Furthermore disadvantages of fresh auricular cartilage transplants 
such as the inappropriate size and shape can be eliminated. 
The use of sternum cartilage and auricular cartilage preserved in 
Cialit" deserve no consideration. However, further investigation and 
comparison of the lyophilized and the fresh autogeneic auricular 
transplants using larger groups of animals and a longer follow-up 
period seems justified. The longer follow-up period should be con-
sidered, as the cartilage formation in the newly formed fibrous 
connective tissue disc 24 weeks after transplantation of lyophilized 
allogeneic transplants was still at an initial phase. Furthermore 
intermaxillary fixation should also be used, as the clinical 
improvement after its use was statistically significant. In this way 
displacement, which has been frequently seen after experimental use of 
fresh autogeneic transplants, can propably be avoided. 
The clinical behaviour of the guinea pigs after the various procedures 
was better than one would have expected after having seen the micros-
copic appearance of their joints. Application of experimental find-
ings to humans is dangerous and should be done cautiously. If one 
excepts, however, that the situation of the patients is similar, one 
can understand why patients, who are relieved from pain, to a certain 
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extent, after meniscectomy, still do not have properly functioning 
joints. 
Based on the results of this study we can keep on using this surgical 
therapeutic method. Extra care is needed in cases of a necessary con­
comitant arthroplasty and in cases of previously operated joints. 
The animal experiments hold several lessons useful for future experi­
mental work but also clinically applicable. 
It is wrong to assume that the healing proces lasts much shorter 
because the guinea pig has a shorter life span. We even dare say that 
we believe that one could get the idea that the duration is somewhat 
similar for humans and for guinea pigs. Anyhow this period was longer 
for these animals than expected. 
The early functional use of the joint did not seem to have a critical 
influence on the healing although it was possibly responsible for the 
displacement of the autogeneic transplants. Immobilization for 8 - 1 0 
days is indicated. Thereafter free but careful use of the joint is 
permitted. The role of physiotherapy in the healing process is still 
obscure. 
The clinical use of lyophilized cartilage is absolutely justified. Its 
value, though, should also be proved clinically. 
The clinical results presented in this study can be characterized as 
medium-term. Compared to the short-term findings presented by 
Witsenburg and Freihofer (19Θ4), they remained unaltered. We do wish 
to reevaluate them, though, ten years postoperatively so that we can 
reinforce the conclusions drawn here. 
11.2 Conclusions. 
The following conclusions can be drawn from this study: 
1. There is a future in the use of fresh autogeneic or allogeneic 
disc replacements. 
2. Animal experiments should be limited to the use of lyophilized 
allogeneic and autogeneic auricular cartilage. 
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The survival period of the experimental animals should last for 
1-? years. 
The use of intermaxillary fixation during animal experiments is 
indicated. 
A randomized clinical study for the comparison between fresh 
autogeneic and lyophilized allogeneic cartilage transplants is 
desirable. 
A randomized clinical study for the assessment of the role of 
physiotherapy after the release from the intermaxillary fixation 
is also desirable. 
Previously operated joints deserve special attention, so that the 
indication is more clear cut. 

SUFMARY 
Temporomandibular joint dysfunction is a rather common disorder. 
Various terms have been used to describe it· The most common actual 
one is: "Internal derangement". The main symptoms are pain in and 
around the joint, restricted mandibular motion and various audible 
sounds. The disease affects all ages with a predilection for females 
the ratio being approximately 4:1. 
Numerous causes have been recognized as aetiologic factors leading 
frequently to a displacement or damage of the interarticular disc. 
Meniscectomy, the removal of the disc, has been widely applied аз a 
therapeutic method. A considerable number of authors, though, reported 
against it, realizing its disadvantages. Some of them replaced the 
removed disc with autogeneic transplants or alloplastic materials. 
In Chapter 1, a short review of the clinical and experimental litera­
ture pertaining to meniscectomy and replacement of the disc is given. 
Furthermore, the aims of the study, which consists of an experimental 
and a clinical part, are presented. 
In Chapter 2, the material for the experimental part is presented. 
Sixty albino guinea pigs were used. They were divided into six groups. 
The first group served as a control, the second underwent the sham 
operation, the third meniscectomy, the fourth replacement of the 
removed disc with fresh autogeneic cartilage, the fifth replacement of 
the removed disc with allogeneic lyophilized cartilage and the sixth 
replacement of the removed disc with allogeneic cartilage preserved in 
Cialit". The postoperative care of the animals and the clinical 
parameters registered are also presented. After 3, 6, 1? and 24 weeks 
animals of each group were sacrificed and sagittal serial sections 
were prepared. The methods are described. In the discussion, the argu­
ments for having chosen the guinea pig as the experimental animal are 
analyzed. 
In Chapter 3, general information and the macroscopic and the micros­
copic anatomy of the guinea pig in different ages is presented. 
Furthermore, the development of the weight, mouthopening and length of 
upper and lower incisors, measured weekly, in the normal 9-month old 
animals is given. 
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In Chapter 4, the surgical approach to the joint is described and the 
results of the sham operation are given. It appeared that slight 
transient inflammatory changes occurred which had disappeared 1? weeks 
after the surgical procedure. The conclusion is that the surgical 
approach did not cause significant changes to the joint components. 
In Chapter 5, the operative technique and the clinical and 
histological results of the removal of the disc are presented. It 
appeared that: 
1. The articular disc did not regenerate after its removal. 
2. Degenerative changes occurred in the condyle and the fossa after 
removal of the disc, consisting of changes in the articular cartilage, 
the underlying bone and ankylosis. 
3. The postoperative clinical behaviour of the meniscectomized animals 
did not always correlate with the microscopic appearance of the joint, 
the former being better than one would have expected. 
In Chapter 6, the replacement- of the removed disc with fresh 
autogeneic sternum or auricular cartilage transplants is described. 
The transplants showed a trend to get displaced and, if so, they 
showed folding and fragmentation. They retained their microscopical 
structure and no signs of resorption were observed. From the clinical 
and histological results, it appeared that the animals with the 
sternum transplants had marked discomfort, whereas the changes seen in 
the joints were not severe. The animals with the auricular transplants 
did clinically rather well. The parts of their joints covered by the 
transplants showed slight or no changes and the ones which became 
uncovered showed degenerative changes. 
In Chapter 7, the principles and the method of lyophilization or 
freeze-drying are presented. The removed disc of a group of animals 
was replaced by allogeneic lyophilized auricular cartilage. From the 
clinical and histological results it appeared that: 
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1. The transplants had a minor tendency to get displaced compared to 
the fresh autogeneic ones, but showed an extensive resorption. This 
turned out to be advantageous as connective tissue replaced the 
resorbed allogeneic material. The newly formed structure resembled the 
original disc and 24 weeks postoperatively formation of hyaline 
cartilage was observed therein. 
2. The transplants protected indirectly, through the formation of a 
new fibrous "disc", the articular components of the joints which 
showed slight histological changes not present 24 weeks after the 
surgical procedure. 
3. The postoperative clinical course of all animals paralleled the 
histological appearance of their joints. 
In Chapter B, the results obtained after replacing the disc with allo-
geneic auricular cartilage preserved in Cialit" are analyzed. It ap-
peared that: 
1. The transplants almost completely resorbed after having been inter-
posed between condyle and fossa. They were replaced by an irregularly 
arranged fibrous connective tissue formation, which occupied most of/ 
or the entire joint space and was attached to the fossa and/or con-
dyle. 
2. Marked inflammatory signs, degenerative changes and necrosis were 
seen throughout the joints. The inflammatory signs subsided 24 weeks 
after the operative procedure. 
3. The clinical findings did not correlate with the histological re-
sults. The animals did rather well, despite the extensive degenerative 
changes observed in their joints. 
In Chapter 9, the results obtained in the experimental part of the 
study are compared among the various groups and discussed. The follow-
ing conclusions are drawn: 
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1. The guinea pig is a suitable animal For experiments in the cranio-
mandibular joint. 
2. The microscopical anatomy oF the normal joint did not exactly cor­
respond with the previously published inFormation. 
3. Meniscectomy had a disatrous efFect on the condyle and the Fossa 
oF guinea pigs. The removed disc has to be replaced. 
4. The most beneFicial eFFect oF all the transplants used was that 
achieved aFter insertion oF lyophilized allogeneic cartilage trans­
plants in the animals' joints. 
5. Autogeneic sternum cartilage is not advisable as a replacement 
material because oF technical reasons. 
6. Allogeneic auricular cartilage preserved in Cialit" is not ad­
visable as a replacement material because oF the marked host reaction. 
7. The clinical results did not always correlate with the histo­
logical results. 
Θ. The experimental procedures perFormed did not aFFect the contra­
lateral side. 
9. The small number oF animals does not allow deFinitive conclusions 
reFerring to all groups. 
In Chapter 10, the results oF the clinical réévaluation oF the 
patients who underwent replacement oF their disc with Fresh autogeneic 
auricular cartilage are presented and discussed. Seventeen patients 
were operated on and the Follow-up period ranged From 1 to 6 years 
with a mean oF almost 3 years. It appeared that: 
1. All patients showed an improvement oF the symptoms and the Func-
tion oF the temporomandibular joint aFter replacement oF the inter-
articular disc with autogeneic auricular cartilage. Nevertheless, 
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three of the cases can be, under certain circunstances, regarded as 
failures. 
2. The use of intermaxillary fixation significantly improved the 
patients' mouthopening. 
3. It is difficult to compare the results with the few studies having 
reported detailed results and referring either to meniscectomy or to 
the use of alloplastic implants, because the initial situation and the 
criteria of each author were different. Anyhow, after a rough compari-
son the impression is obtained that the results presented in this 
study are more satisfactory. 
In Chapter 11, the interrelationship between the experimental and the 
clinical findings is discussed. The following conclusions are drawn: 
1. There is a future in the use of fresh autogeneic or allogeneic disc 
replacements. 
2. Animal experiments should be limited to the use of lyophilized al-
logeneic and autogeneic auricular cartilage. 
3. The survival period of the experimental animals should last for 1-2 
years. 
4. The use of intermaxillary fixation during animal experiments is 
indicated. 
5. A randomized clinical study for the comparison between fresh auto-
geneic and lyophilized allogeneic cartilage transplants is desirable. 
6. A randomized clinical study for the assessment of the role of phy-
siotherapy after the release from the intermaxillary fixation is also 
desirable. 
7. Previously operated joints deserve special attention so that the 
indication is more clear cut. 

SAMENVATTING 
Dysfunctie van het kaakgewricht is een relatief vaak voorkomende af-
wijking. Verschillende termen zijn in gebruik om de aandoening te be-
schrijven. De meest gehanteerde is op dit ogenblik: "internal 
derangement". De belangrijkste symptomen zijn pijn in en rondom het 
gewricht, bewegingsbeperking en allerlei geluiden. De afwijking wordt 
gezien in iedere leeftijdsgroep met een duidelijke voorkeur voor 
vrouwen in een verhouding van 4:1. 
Diverse oorzaken, verantwoordelijk voor een verplaatsing of bescha-
diging van de interarticulaire discus, worden als etiologische factor 
aangevoerd. 
Meniscectomie - het verwijderen van de discus - is veel toegepast als 
therapeutische methode. Meerdere auteurs hebben deze behandeling ech-
ter afgewezen, omdat zij de nadelen inzagen. Sommige vervingen de ver-
wijderde discus door autogene transplantaten of alloplastische materi-
alen. 
In hoofdstuk 1 wordt een kort overzicht van de klinische en experimen-
tele literatuur over de meniscectomie en de vervanging van de discus 
gegeven. Tevens worden de doelstellingen van deze studie, welke uit 
een experimenteel en klinisch gedeelte bestaat, gepresenteerd. 
In hoofdstuk 2 wordt het materiaal met betrekking tot het experimente-
le gedeelte gepresenteerd; zestig albino-cavia's werden voor het 
onderzoek gebruikt, ingedeeld in zes groepen. De eerste groep diende 
als controle, de tweede onderging de "sham"-operatie, de derde menis-
cectomie, de vierde vervanging van de verwijderde discus met vers 
autogeen kraakbeen, de vijfde vervanging van de verwijderde discus met 
allogeen gelyofiliseerd kraakbeen en de zesde vervanging van de ver-
wijderde discus met allogeen kraakbeen geconserveerd in Cialit . De 
postoperatieve behandeling van de dieren en de geregistreerde kli-
nische parameters worden ook gepresenteerd. Na 3, 6, 12 en 24 weken 
werden dieren van iedere groep geofferd en werden opeenvolgende sagit-
tale coupes geprepareerd. De methoden worden beschreven. In de discus-
sie worden de argumenten voor het kiezen van de cavia als het experi-
mentele dier toegelicht. 
In hoofdstuk 3 wordt algemene informatie over de cavia en haar macros-
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copische en microscopische anatomie op diverse leeftijden behandeld. 
Tevens worden de ontwikkeling van het gewicht, de mondopening en de 
lengte van de boven- en onderincisieven - wekelijks gemeten vanaf 9 
maanden - van de nietgeopereerde dieren, gegeven. 
In hoofdstuk 4 wordt de chirurgische benadering van het gewricht be-
schreven en worden de resultaten van de "3ham"-operatie gegeven. Er 
werden geringe ontstekingsreacties gezien, welke 1? weken na de opera-
tieve ingreep waren verdwenen. De conclusie is, dat de operatieve be-
nadering geen significante veranderingen aan de gewrichtscomponenten 
veroorzaakt. 
In hoofdstuk 5 worden de operatieve technieken en de klinische en his-
tologische resultaten van de verwijdering van de discus gepresenteerd. 
Het bleek, dat: 
1. de interarticulaire discus na verwijdering niet regenereerde. 
?. verwijdering van de discus degeneratieve veranderingen, met name 
van het articulaire kraakbeen, het onderliggende bot en ankylose, in 
de condylus en de fossa ontstonden. 
3. het postoperatieve klinische gedrag van de dieren, bij wie de dis-
cus was verwijderd, niet altijd overeenkwam met het microscopische 
beeld van het gewricht. Het klinische gedrag was vaak beter dan de 
microscopie veronderstelde. 
In hoofdstuk 6 wordt de vervanging van de verwijderde discus met een 
vers autogeen sternum - of oorkraakbeentransplantaat beschreven. Deze 
hadden de neiging zich te verplaatsen en in die gevallen vertoonden 
zij plooiing en fragmentatie. De microscopische structuur bleef be-
houden zonder tekenen van resorptie. Uit de klinische resultaten 
bleek, dat de dieren met sternuntransplantaten meer last hadden, on-
danks het feit, dat de histologische veranderingen in hun gewrichten 
niet zo ernstig waren. De dieren met de oorkraakbeentransplantaten 
deden het klinisch relatief goed. De gedeelten van hun gewrichten, die 
bedekt waren met een transplantaat, vertoonden microscopisch weinig of 
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nauwelijks reactie, terwijl de delen, die onbedekt raakten, vertoonden 
degeneratieve veranderingen. 
In hoofdstuk 7 worden de principes en de methoden van de lyofilisatie 
gepresenteerd. De verwijderde discus van één groep dieren werd door 
allogeen gelyofiliseerd oorkraakbeen vervangen. Uit de klinische en 
histologische resultaten volgde, dat: 
1. de transplantaten minder neigden tot verplaatsing in vergelijking 
de met verse autogene transplantaten, maar wel een uitgebreide resorp-
tie lieten zien. Dit bleek een voordeel te zijn, daar fibreus weefsel 
hiervoor in de plaats gevormd werd. De nieuw gevormde structuur leek 
op de oorspronkelijke discus en 24 weken postoperatief kon hierin for-
matie van hyaline-kraakbeen worden waargenomen. 
?. de transplantaten de articulaire gewrichtscomponenten, indirect 
door de formatie van een nieuwe fibreuze "discus" beschermden. 
Er traden slechts geringe histologische veranderingen op, die boven-
dien 24 weken postoperatief niet meer waarneembaar waren. 
3. het postoperatieve klinische beloop van alle dieren overeenkwam 
met het histologische beeld van de gewrichten. 
In hoofdstuk Й worden de resultaten gepresenteerd na vervanging van de 
discus met allogeen oorkraakbeen geconserveerd in Cialit". Het 
bleek, dat: 
1. de transplantaten bijna in hun totaliteit resorbeerden, nadat zij 
tussen condylus en fossa waren geplaatst. Zij werden vervangen door 
een onregelmatig gerangschikte fibreuze bindweefsel formatie, die een 
gedeelte of de gehele gewrichtsruimte in beslag nam en die verkleefd 
was met de fossa en/of de condylus. 
2. duidelijke ontstekingsverschijnselen, degeneratieve veranderingen 
en necrose in de gewrichten werden gezien. De ontstekingaverschijn-
selen waren 24 weken postoperatief nagenoeg verdwenen. 
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3. de klinische bevindingen niet overeenkwamen met de histologische 
resultaten. De dieren deden het relatief goed, ondanks de uitgebreide-
degeneratieve veranderingen, die in de gewrichten werden waargenomen. 
In hoofdstuk 9 worden de resultaten van de verschillende groepen van 
het experimentele gedeelte met elkaar vergeleken en gediscussieerd. De 
volgende conclusies worden getrokken: 
1. De cavia is een geschikt dier voor experimenten in het cranio-man-
dibulaire gewricht. 
?. De microscopische anatomie van het normale gewricht komt niet 
exact overeen met reeds gepubliceerde informatie. 
3. Meniscectomie heeft een zeer schadelijk effect op de condylus en de 
fossa van het gewricht van de cavia's. De verwijderde discus dient 
vervangen te worden. 
4. Het gunstigste effect van alle transplantaten wordt gezien na 
plaatsing van gelyofiliseerde allogene kraakbeentransplantaten in de 
gewrichten van de dieren. 
5. Autogeen sternumkraakbeen wordt niet als vervangingsmateriaal aan-
bevolen vanwege technische redenen. 
6. Allogeen oorkraakbeen, geconserveerd in Cialit", wordt niet aan-
bevolen als vervangingsmateriaal vanwege de hevige reactie van de ont-
vangstplaats. 
7. De klinische bevindingen komen niet altijd overeen met de histo-
logische resultaten. 
fl. De experimentele procedures hebben geen effect op het contralate-
rale gewricht. 
9. Het kleine aantal dieren staat geen definitieve conclusies in alle 
groepen toe. 
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In hoofdstuk 10 worden de resultaten van de klinische re-evaluatie van 
de patiënten gepresenteerd, die vervanging van hun discus met vers 
autogeen oorkraakbeen ondergingen. Zeventien patiënten waren geope-
reerd en de follow-up periode bedroeg 1-6 jaar met een gemiddelde van 
bijna 3 jaar. Het bleek, dat: 
1. alle patiënten een verbetering van de symptomen en de functie van 
het kaakgewricht vertoonden na vervanging van de discus door autogeen 
oorkraakbeen. Desondanks kunnen drie van deze gevallen - onder bepaal-
de voorwaarden - als mislukking worden beschouwd. 
2. het gebruik van intermaxillaire fixatie tot de significante ver-
betering van de postoperatieve mondopening bijdroeg. 
3. het is moeilijk, om onze bevindingen met de weinige studies, die 
gedetailleerde resultaten over meniscectomie of gebruik van alloplas-
tische materialen hebben gepubliceerd, te vergelijken, daar de aan-
vangssituatie en de criteria van iedere auteur verschillend zijn. 
Niettemin krijgt men na een grove vergelijking de indruk, dat de re-
sultaten van deze studie tot meer tevredenheid stemmen. 
In hoofdstuk 11 wordt de samenhang tussen de experimentele en de kli-
nische bevindingen besproken. De volgende conclusies en aanbevelingen 
worden gedaan: 
1. Het gebruik van verse autogene of gelyofiliseerde allogene trans-
plantaten vppr de vervanging van de discus biedt toekomstperspec-
tieven. 
2. Dierenexperimenten behoren zich te beperken tot het gebruik van 
verse autogene of gelyofiliseerde allogene transplantaten. 
3. De controleperiode van de dieren dient 1 a 2 jaar te duren. 
4. Het gebruik van intermaxillaire fixatie is bij dierexperimenten ge-
ïndiceerd. 
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5. Een "gerandomiseerde" klinische studie is wenselijk, zodat een 
vergelijking mogelijk is tussen verse autogene en gelyofiliseerde 
allogene kraakbeentransplantaten. 
6. Een verdere "gerandomiseerde" klinische studie is wenselijk, om de 
invloed van fysiotherapie na verwijdering van de intermaxillaire 
fixatie te bepalen. 
7. Reeds eerder geopereerde gewrichten vereisen bijzondere aandacht, 
zodat de indicatie met nog meer nauwkeurigheid wordt bepaald. 
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Weight, mouthopenlng and length of the upper and lower incisors of the two animals, 
which were sacrified after an observation period of three weeks. 
The weight was measured in grams, the mouthopenlng end the incisai length in milli­
meters. The indication O-weeks refers to the initisl values corresponding to the pre­
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Weight, mouthopening and length of the upper and lower Incisors of the two animals, 

































































































































































































Weight, mouthopenlng and length of incisors of the first two animals, which were 
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Height, mouthopening and incisai length of the two animals, which were sacrificed 
twelve weeks after the sham operation. 
I I 
Week Weight Mouthopening 
ι Ι ι 
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Weight, mouthopening and length of incisors of the two animals, which were sacrificed 
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TABLE 9. 191 -
Weight, mouthopening and incisai length of the two animals, which were sacrificed twelve 
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Weight, mouthopening and incisai length of the two animals, which were sacrificed three 






















































































Weight, mouthopening and incisai length of the two animala, which were sacrificed six weeks 


































































































































TABLE 12. - 194 -
Weight, inouthopenlng and incisai length of the two animala, which were aacrificed twelve 
weeks (A and B) and twenty-four weeks (C) after replacement of their disc with fresh auto-
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Height, mouthopening and incisai length of the two animals, which were sacrificed three 




























































































Height, mouthopening and length of incisors of the animals, which were sacrificed six weeks 
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Weight, mouthopenlng and length of incisors of the two animale, which were aacrificed 









































































































































































































































































11.2 11.2 І 
12.2 12.2 
12.5 12.5 









Weight, moutopening and incisai length of the animals, which were sacrificed three weeks 
































































































Weight, mouthopening and incisai length of the animals, which were aacrificed six weeks 
after replacement of their disc with Cialit" auricular cartilage. 
1 1 





























































































































Weight, nouthopening and incisai length of the animal, which was sacrificed twelve weeks 
(A) and the animal sacrificed twenty-four weeks (B) after replacement of their diac with 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































groups with regard to (t=0). 
Autogeneic 
N MEAN SEM 
7 1.00 
6 0.98 0.00 
7 0.97 0.01 
7 1.00 0.02 
5 1.01 0.01 
5 1.03 0.01 
5 1.05 0.02 
3 1.07 0.01 
3 1.07 0.02 
3 1.07 0.02 
3 1.08 0.02 
3 1.11 0.04 
3 1.09 0.02 
Lyophilized 
N MEAN SEM 
6 1.00 
6 0.95 0.02 
6 0.97 0.02 
6 0.98 0.02 
4 0.97 0.04 
4 0.99 0.06 
4 1.00 0.07 
2 1.12 0.01 
2 1.05 0.04 
2 1.12 0.04 
2 1.13 0.03 
2 1.12 0.04 
2 1.16 0.02 
CialitR 
N MEAN SEM 
6 1.00 
6 0.96 0.01 
6 0.96 0.02 
6 0.96 0.02 
4 0.99 0.03 
4 1.00 0.02 
4 1.00 0.03 
2 0.98 0.03 
2 1.01 0.04 
2 1.00 0.05 
2 1.02 0.04 
2 1.03 0.08 
2 1.04 0.04 
TABLE 21. 































2 6 . В 
2 7 . 2 
2 6 . 5 
2 5 . 9 





































































































































































































































































































































































































































































































































3 342 657 
8 113 756 
8 085 620 
0 403 054 
9 399 500 
0 251 205 
4 061 230 
7 473 567 
1 235 904 
0 258 588 
3 247 938 
6 011 151 
2 055 936 
8 439 692 
1 328 526 
9 538 848 
4 127 410 
3 342 657 
9 399 500 
7 473 567 
1 235 904 






























































































































































































Some of the items checked on during the clinical evaluation of the seven­







- Consistently in association 
mandibular movements 
- Occasionally in association 
mandibular movements 
- No pain 
:- Very strong 
- Strong 
- Neither strong or slight 
- Very slight 
- No pain 
with 
with 
(3) U L 











Ill Joint sounds: 
IV Range of motion: 
- Reciprocal clicking 
- Single clicking 
- Crepitation 
- No sounds 
- Maximal opening 
- Protrusion 
- Laterotrusion towards: 
- the operated side: 






V Deviation at maximal 
opening towards: - The operated side 
- The other side 
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TABLE ?5. 
The results of the clinical réévaluation* of the seventeen patients. The 
nouthopeninq, protrusion, laterotrusion and deviation were measured in mm. 
г ι ' ι 1 1 1 1 

























3 342 657 
8 113 756 
8 085 620 
0 403 054 
9 399 500 
0 251 205 
4 061 230 
7 473 567 
1 235 904 
0 258 588 
3 247 938 
6 011 151 
2 055 936 
8 439 692 
1 328 526 
9 538 848 
4 127 410 
3 342 657 
9 399 500 
7 473 567 
1 235 904 

































































































































































































Preliminary results on the seven first patients (1-7) have been reported 
by Witsenburq and Freihofer (1984). 
- 208 -
TABLE 76. 
The mean pre- and postoperative mouthopeninq of the patients belonqinq to 




























The mean pre- and postoperative mouthopeninq of the patients belonqinq to 





























The individual pre- and postoperative mouthopeninq of the patients 
belonqinq to the second and third qroup with regard to the intermaxillary 
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REPLACEMENT OF THE INTERARTICULAR DISC 
OF THE CRANIOMANDIBULAR JOINT: 
AN EXPERIMENTAL AND CLINICAL STUDY 
C.O.A. loannides 
STELLINGEN 
1. Meniscectomie mag niet als therapie toegepast worden bij patiënten 
met een "internal derangement" van het kaakgewricht. 
?. Bij normaal functionerende craniomandibulaire gewrichten van 
cavia's is er een goede kans, dat de interarticulaire discus ver-
kleefd is met de fossa en/of de condylus. 
3. Het gebruik van gelyofiliseerde oorkraakbeentransplantaten ter 
plaatse van de verwijderde interarticulaire discus van cranio-
mandibulaire gewrichten bij cavia's, beschermt de articulaire 
oppervlakten voor degeneratieve veranderingen. 
û. Allogene oorkraakbeentransplantaten geconserveerd in Cialit" 
veroorzaken ernstige reactieve processen na transplantatie in 
craniomandibulaire gewrichten van cavia's. Het gebruik hiervan 
moet worden ontraden. 
5. De maximale mondopening van patiënten waar de beschadigde inter-
articulaire discus is vervangen door een autoloog oorkraakbeen-
transplantaat neemt postoperatief toe. Indien, na de ingreep 
intermaxillaire fixatie wordt toegepast, is de toename significant 
groter dan in het geval dat deze niet wordt gebruikt. 
6. Gebraucht die Zeit, sie geht so schnell von hinnen. 
(Goethe) 
7. Bij een pleomorf adenoom op het palatum is een partiële maxil-
lectomie meestal niet noodzakelijk en kan worden volstaan met een 
locale excisie. De locatie is goed inspecteerbaar, zodat een even-
tueel recidief snel kan worden geconstateerd. 
(Bergsma,L.A., Ch.Ioannides, C.A.Merkx: Ned.Tijdschr.Geneesk. 
19Θ3, 1?7:U87-U93). 
Θ. Resultaten na apex resecties aan molaren zijn zeker niet slechter 
dan deze aan frontelementen of premolaren. 
(loannides.Ch., W.A.Borstlap: Int.J.Oral Surg., 1983:12:73-79). 
9. Wanneer de achterwand van de sinus Frontalis is gefractureerd met 
dislocatie van de fragmenten, dan dient de sinusholte en de ductus 
nasofrontalis te worden geoblitereerd. 
(Ioannides,Ch., H.P.M.Freihofer, I.Bruaset: J.max.fac.Surg., 1984: 
12:255-261). 
10. Patienten met een aangezichtsfractuur, waarbij de orbita is be-
trokken, hebben een kans van een op vier, dat simultaan een matig 
tot zwaar oogletsel is ontstaan. 
11. Als de indicatie tot een gecombineerde osteotomie van boven- en 
onderkaak is gesteld, dient aan een operatie in één zitting de 
voorkeur te worden gegeven. 
12. De Chateau Pichón Lalande zou tot de Premiers Crus moeten behoren. 
13. De meeste griekse spreekwoorden uit de oudheid hebben hun geldig-
heid tot op heden behouden. 
14. Die Natur ist das einzige Buch, das auf allen Blättern grossen 
Inhalt bietet. 
(Goethe) 
15. Het feit, dat iedereen kan fotograferen, mag niet als contra-
argument worden gebruikt, voor de opvatting dat fotografie een 
vorm van kunst is. 
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